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(57) Abstract 

Compounds of formula (I) arc antagonists of VLA-4 and/or ciaPi, and as such are useful in the inhibition or prevention of cell 
adhesion and celt-adhesion mediated pathologies. These compounds may be fonnulated into pharmaceutical compositions and are suitable 
for use in the treatment of asthma, allergies, inflammation, multiple sclerosis, and other inflammatory and autoimmune disoideis. 
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TITLE OF THE INVENTION 

HETCROCYCn^IC AMmE COMPOUNDS AS CEIX ADHESION 

SUMMARY OF THE INVENTION 
5 The compoimds of the present mvention are antagonists of 

the VlA-4 integiin ("very late antigen-4''; CD49d/CD29; or a4pl) and/or 
the a4p7 integrin (LPAM-1 and oe4Pp), thereby blocking the binding of 
VLA-4 to its various ligands, such as VCAM-1 and regions of fiibronectin 
and/or a4p7 to its various ligands, such as MadCAM-1, VCAM-1 and 

10 fibronectin. Thiis, these antagonists are useful in inhibiting cell 

adhesion processes including cell activation, migration, proliferation 
and differentiation. These antagonists are useful in the treatment, 
prevention and suppression of diseases mediated by VLA-4 and/or a4p7 
binding and cell adhesion and activation, such as multiple sclerosis, 

15 asthma, allergic rhinitis, allergic conjunctivitis, inflammatory lung 
diseases, rheumatoid arthritis, septic arthritis, type I diabetes, organ 
transplantation, restenosis, autologous bone marrow transplantation, 
inflammatory sequelae of viral infections, myocarditis, inflammatory 
bowel disease including ulcerative colitis and Crohn^s disease, certain 

20 types of toxic and immune-based nephritis, contact dermal 

hypersensitivity, psoriasis, tumor metastasis, and atherosclerosis. 

BACKGROUND OF THE INVENTION 

The present invention relates to heterqcycUc £^ 

25 derivatives which are useful for the inhibition and prevention of 

leukocyte adhesion and leukocyte adhesion-mediated pathologies. This 
invention also relates to compositions containing such compounds and 
methods of treatment using such compoimds. 

Many physiological processes require that cells come into 

30 close contact with other cells and/or extracellular matrix. Such 
adhesion events may be required for cell activation, migration, 
proliferation and differentiation. Cell-cell and cell-matrix interactions 
are mediated through several families of cell adhesion molecules 
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(CAMs) including tiie selectins, integrins, cadhezins and 
immunoglobulins. CAMs play an essential role in both normal and 
pathophysiological processes. Therefore, the targetting of specific and 
relevant CAMs in certain disease conditions without interfering with 

5 _ noimd cellular fimctions is essential for an effective _and,gafe_ 

therapeutic agent that inhibits cell-cell and cell-matrix interactions. 

The integrin superfamily is made up of structurally and 
functionally related glycoproteins consisting of a and P heterodimeric, 
transmembrane receptor molecules found in various combinations on 
nearly every mammalian cell type, (for reviews see: E. C. Butcher, Cell, 
SL, 1033 (1991); T. A. Springer, QsH m 301 (1994); D. Cox et al.. The 
Pharmacology of the Integrins." Medicinal Researob l^oy i/t 195(1994) 
and V. W. Engleman et al., "Cell Adhesion Integrins as Pharmaceutical 
Targets." in Ann. Reots. in Medicinal Chemistry Vol. 31, J. A. Bristol, 
Ed.; Acad. Press, NY, 1996, p. 191). 

VIiA-4 ("very late antigen-4"; CD49d/CD29; or OC4P1) is an 
integrin expressed on all leukocytes, except platelets and mature 
neutrophils, including dendritic cells and macrophage-like cells and is 
a key mediator of the cell-cell and cell-matrix interactions of of these cell 
types (see M. E. Hemler, "VLA Proteins in the Integrin Family- 
Structures, Functions, and Their Role on Leukopytes." Any^ , ^^v, 
J[|^p^^^o^. Q, 365 (1990)). The ligands for VLA-4 include vascular cell 
adhesion molecule-1 (VCAM-1) and the CS-1 domain of fibronectin (FN). 
VCAM-1 is a member of the Ig superfamily and is pressed in vivo on 
endothelial cells at sites of inflammation. (See R. Lobb et al. "Vascular 
Cell Adhesion Molecule 1." in Cellular and Molecular Mechanisms of 
Inflammation, C. G. Cochrane and M. A. Gimbrone, Eds.; Acad. Press, 
San Diego, 1993, p. 151.) VCAM-1 is produced by vascular endothelial 
cells in response to pro-inflamm atory cytokines (See A. J. H. Clearing 
and W. Newman, "Circulating adhesion molecules in disease.", 
Immunol, Today, J^, 506 (1993). The CS-1 domain is a 25 amino acid 
sequence that arises by alternative splicing within a region of 
fibronectin. (For a review, see R. O. Hynes "Fibronectins.", Springer- 

-2- 
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Velag, NY, 1990,) A role for VLA-4/CS-1 interactions in inflammatory 
conditions has been proposed (see M. J. Slices, "The integrin a4pi (VLA- 

4) as a therapeutic target" in Cell Adhesion and Human Disease ^ Ciba 
Found. Symp., John Wiley & Sons, NY, 1995, p. 79). 

^ _ ^ ot4P7 (also referred to as LPAM-1- and 064pp) is an-integrin - 

esq^ressed on leukocytes and is a key mediator of leukocyte trafi&cking 
and homing in the gastrointestinal tract (see C. M. Parker et al., Proc. 
Nqtt> Aeg^d. Scj. USA, & 1924 (1992)). The ligands for 04^7 include 
mucosal addressing cell adhesion molecule-1 (MadCAM-1) and, upon 
activation of 04^7, VCAM-1 and fibronectin (Fn). MadCAM-1 is'a 
member of the Ig superfamily and is expressed in vivo on endothelial 
cells of gut-associated mucosal tissues of the small and large intestine 
("Peyer's Patches'") and lactating mammary glands. (See M. J. Briskih 
et al., Nature, 3^, 461 (1993); A. Hamann et al., J. Immunol-, 15Z, 3282 
(1994)). MadCAM-1 can be induced in vitro by proinflammatory stimuU 
(See E. E. Sikorski et al. J. ImmunoL, JL51, 5239 (1993)). MadCAM-1 is 
selectively expressed at sites of lymphocyte extravasation and specifically 
binds to the integrin, OC4P7. 

Neutralizing anti-(x4 antibodies or blocking peptides that 
inhibit the interaction between VLA-4 and/or a4p7 and their ligands 
have proven efScacious both prophylactically and therapeutically in 
several animal models of disease, including i) experimental allergic 
encephalomyelitis, a model of neuronal demyelination resembling 
multiple sclerosis (for example, see T. Yednock et al., ^'Prevention of 
experimental autoimmune encephalomyelitis by antibodies against a4Pi 

integrin.'' Nature, 356, ffl (1993) and E. Keszthelyi et al., ''Evidence for a 
prolonged role of a4 integrin throughout active experimental allergic. 

encephalomyelitis." Neurologv. 1053 (1996)); ii) bronchial 
h3q>erresponsiveness in sheep and guinea pigs as models for the various 
phases of asthma (for example, see W. M. Abraham et al., "a4-Integrins 

mediate antigen-induced late bronchial responses and prolonged airway 
hyperresponsiveness in sheep.** J, Clin, Invest. 93^ 776 (1993) and A. A. 
Y. Milne and P. P. Piper, Tlole of VLA-4 integrin in leucocyte 
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recruitment and bronchial hyperresponsiveness in the gunea-pig." Eur. 
J, PhftrmaPOl.t 2S^ 243 (1995)); iii) adjuvant-induced arthritis in rats as 
a model of inflammatoiy arthritis (see C. Barbadillo et al., "Anti-VLA-4 
mAb prevents adjuvant arthritis in Lewis rats." Arthr. RhewTna 
(Suppl.), 36 95 (1993) and D. SeifFge, Protective eflPects of monoclonal 
antibody to VLA-4 on leukocyte adhesion and course of disease in 
adjuvant arthritis in rats." J. Rheumatol .. 12 (1996)); iv) adoptive 
autoimmune diabetes in the NOD mouse (see J. L. Baron et al., "The 
pathogenesis of adoptive murine autoimmune diabetes requires an 
interaction between a4-integrins and vascvdar cell adhesion molecule- 

1.', J, Clin, Inyggt,, 98, 1700 (1994), A. Jakubowski et al., "Vascular cell 
adhesion molecule-Ig fusion protein selectively targets activated a4- 
integrin receptors in vivo: Inhibition of autoimmune diabetes in an 
adoptive transfer model in nonobese diabetic mice." J. Immunol.. 155, 
938 (1996), and X. D. Yang et al., "Involvement of beta 7 integrin and 
mucosal addressin cell adhesion molecule-1 (MadCAM-1) in the 
development of diabetes in nonobese diabetic mice". Diabetes, 46, 1542 
(1997)); v) cardiac allograft survival in mice as a model of organ 
transplantation (see M. Isobe et al., "Effect of anti-VCAM-1 and anti- 
VIA-4 monoclonal antibodies on cardiac allograft survival and response 
to soluble antigens in mice.", Trannlant. Pror , 2g, 867 (1994) and S. 
Molossi et al., "Blockade of very late antigen-4 integrin binding to 
fibronectin with connecting segment-1 peptide rieduces accelerated 
coronary arteripathy in rabbit cardiac allografts. " J. Clin Invest.^ S5, 
2601 (1995)); vi) spontanei>us chronic colitis in cotton-top tamaiins which 
resembles human ulcerative colitis, a form of inflammatory bowel 
disease (see D. K Podolslqr et al., "Attenuation of colitis in the Cotton-top 
tamarin by anti-a4 integrin monoclonal antibody.", J. Clin. InveKt.. 

372 (1993)); vii) contact hypersensitivity models as a.model for skin 
allergic reactions (see T. A. Ferguson and T. S. Kupper, "Antigen- 
independent processes in antigen-specific immunity.", J- TTnTy ^ ^ ^ pp^ ,, 
1§Q, 1172 (1993) and P. L. Chisholm et al., "Monoclonal antibodies to the 
integrin a-4 subunit inhibit the murine contact hsnpersensitivity 
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response." Eur, J, I mmunoL. 23, 682 (1993)); viii) acute neurotoxic 
nephritis (see M. S. Mulligan et al., 'Requirements for leukocjrte 
adhesion moleciiles in nephrotoxic nephritis.", J, Clin. Invest. , 91, 577 
(1993)); ix) tumor metastasis (for examples, see M. Edward, Integrins 
5 and other adhesion molecules involved in melanocytic tumor 
progression.", Curr, Opin. OncoL, 7, 185 (1995)); x) experimental 
autoinmiune thyroiditis (see R. W. McMurray et al., *The role of a4 
integrin and intercellular adhesion molecule-1 (ICAM-1) in murine 
experimental autoimmune thyroiditis." Autoimmunity, jg, 9 (1996); and 
10 xi) ischemic tissue damage following arterial occlusion in rats (see P. 
Squadrito et al., *Tieukocyte integrin very late antigen-4/vascular cell 
adhesion molecule-1 adhesion pathway in splanchnic artery occlusion 
shock." Eur, J. P harmacoL, 318, 153 (1996; xii) inhibition of TH2 T-cell 
cjrtokine production including IL-4 and IL-5 by VLA-4 antibodies which 
15 would attenuate allergic responses (J.Clinical Investigation 100, 3083 
(1997). The piimary mechanism of action of such antibodies appears to 
be the inhibition of lymphocyte and monoc3^e interactions with CAMs 
associated with components of the extracellular matrix, thereby limiting 
leukocjrte migration to extravascular sites of injxuy or inflammation 
20 and/or limiting the priming and/or activation of leukocytes. 

There is additional evidence supporting a possible role for 
VLA-4 interactions in other diseases, including rheumatoid arthritis; 
various melanomas, carcinomas, and sarcomas; inflammatory lung 
disorders; acute respiratory distress syndrome (ARDS); atherosclerotic 
25 plaque formation; restenosis; uveitis and circulatory shock (for 

examples, see A. A. Postigo et al., The a4piA^CAM-l adhesion pathway 

in physiology and disease.". Res. Immunol , 144, 723 (1994) and J.-X. 
Gao and A. C. Issekutz, 'Expression of VCAM-1 and VLA-4 dependent 
T-lymphocyte adhesion to dermal fibroblasts stimulated with 
30 proinflammatory cytokines.'' ImmunoL ^ 375 (1996)). 

At present, there is a humanized monoclonal antibody 
(Antegren® Athena Neurosciences/Elan ) against VLA-4 in clinical 
development for th tireatment of ''flares" associated with multiple 
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sclerosis and a humanized monoclonal antibody (ACT-l®/LDP-02 
LeukoSite) against 04^7 in clinical development for the treatment of 
inflammatory bowel disease. Several peptidyl antagonists of VLA-4 have 
been described (D. Y. Jackson et al., Totent a4pl peptide antagonists as 
5 potential anti-inflammatory agents", J. Med. CbPTn , , 4Q, 3359 (1997); H. 
N. Shroff et al., "Small peptide inhibitors of a4p7 mediated MadCAM-1 
adhesion to lymphocytes", Bioorg. M ed. Chem. T^tt. 2495 (1996); US 
5,510,332, WO97/03094, WO97/02289, Wd96/40781, W096/22966, 
WO96/20216, WO96/01644, WO96/06108, W095/15973). There L one report 

10 of nonpeptidyl inhibitors of the hgands for a4-integrins (WO96/31206). 
There still remains a need for low molecidar weight, specific inhibitors 
of VIA-4- and a4p7-dependent cell adhesion that have improved 
pharmacokinetic and pharmacodjmamic properties such as oral 
bioavailability and significant duration of action. Such compounds 

15 would prove to be useful for the treatment, prevention or suppression of 
various pathologies mediated by VLA-4 and a4p7 binding and cell 
adhesion and activatdon. 

DETAILED DESCRIPTION OF THE INVENTION 
20 One aspect of the present invention provides a method for 

the treatment of diseases, disorders, conditions or symptoms mediated 
by cell adhesion in a mammal which comprises administering to said 
mammal an effective amount of a compound Formula I: 




R7 



25 



I 



or a pharmaceutically acceptable salt thereof wherein: 
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Rlis 1) Ci-ioalkyl, 

2) C2-10aIkenyl, 

3) C2rlOalkynyl, 

4) Cy, 

5 5) Cy-Ci-ioalkyl, 

6) Cy-C2-10alkeiiyl, 

7) Cy-C2-10alkynyl, 

wherein aJkyl, alkenyl, and alkynyl are optionally substituted with one to 
four substituents independently selected from R^; and Cy is optionally 
10 substituted with one to four substituents independently selected from R^; 



15 



R2is 1) 


hydrogen, 


2) 


Ci_ioalkyl, 


3) 


C2-ioalkenyl, 


4) 


C2.loaliynyl, 


5) 


aryl. 


6) 


aiyl-Ci.ioalkyl, 


7) 


heteroaiyl, 


8) 


heteroeayl'Cx.xQalkyl, 



20 wherein allsyl, alkenyl, and aU^yl are optionally substituted with one to 
four substituents independently selected Srom R^; and aryl and 
heteroaryl optionally substituted with one to four substituents 
independently selected from R^; 

25 R^is 1) hydrogen, 

2) Ci-io allgrl, 

3) Cy, or 

4) C5y-Ci-io alkyl, 

wherein alkyl is optionally substituted with one to foiu* substituents . 
30 independently selected from R^; and Cy is optionally substituted with 
one to four substituents independently selected from R^; 



R^is 1) hydrogen, 
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2) Ci-ioalkyl, 
3 C2-10alkenyl, 

4) C2-loallqaiyl, 

5) Cy, 

6) Cy-Ci-ioalkyl, 

7) Cy-C2-10alkenyl, 

8) Cy-C2-I0al^aiyl, 

wherein alkyl, alkenyl and alkynyl are optionally substituted with one to 
four substituents selected from phenyl and Rx, and Cy is optionally 
substituted with one to four substituents independentiy selected from Ry; 
or 

R3, R4 and tiie atoms to which they are attached together form a mono^ 
or biqydic ring containing 0-2 additional heteroatoms selected from N, O 
and S; 



1) 


hydrogen, 


2) 


Ci.ioallqrl, 


3) 


C2.ioalkenyl, 


4) 


C2.ioalkynyl, 


5) 


aryl. 


6) 


aryl-Ci.ioalkyl, 


7) 


heteroaryl, 


8) 


heteroaryl-Ci. loallq^l. 



wherein alkyl, alkenyl and aligmyl are optionally substituted with one to 
foiir substituents selected from Rx, juid aryl and heteroeuyl are 
optionally substituted with one to four substituents independentiy 
selected from Ry; or 

R4, R5 and the carbon to which they are attached form a 3-7 membered 
mono- or bicyclic ring containing 0-2 heteroatoms selected fix)m N, O and 
S; 
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R7, and R8 are each independeiitly selected from the group 
consisting of 

1) a group selected from R^, and 

2) a group selected from B^; or 

two of R6, r7^ and R8 and the atom to which both are attached, or two of 
R6, R7, and R8 and the two adjacent, atoms to which they are attached, 
together form a 5-7 membered saturated or unsaturated monocyclic ring 
containing zero to three heteroatoms selected from N, O or S, 

R^is 1) Cy, or 

2) a group selected from Rx; 
wherein Cy is optionally subsituted with one to four substituents 
independently selected from RC; 

Rb is 1) a group selected from R^, 

2) Ci-io alkyl, 

3) C2-10 alkenyl, 

4) C2-IO aliynyl, 

5) axyl Ci.ioalkyl, 

6) hetoroazyl Ci-io alkyl, 

wherein alkyl, alkenyl, aUgrnyl, aryl, heteroaryl are optionally 
substituted with a group independently selected from BP; 

RC is 



i) 


halogen, 


2) 


NO2, 


3) 


C(0)OR<; 


4) 


Ci^alkyl, 


5) 


Ci^alkozy, 


6) 


aryl. 


7) 


aiyl Ci^aUyl, 


8> 


arylojgr. 


9) 


heteroaryl. 


10) 


NRfRg, 



9 
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11) NRfC(0)Rg, 

12 NR£C(0)NRfRg, or 

13) CN; 

5 Rd and Re are independently selected from hydrogen, Ci-ioalljyl, C2-10 
alkenyl, C2-10alkynyl, Cy and Cy Ci-ioalkyl, wherein alkyl, alkenyl, 
allQmyl and Cy is optionally substituted with one to four substituents 
independently selected from RC; or 

Rd and Re together with the atoms to which they are attached form a 
10 heterocyclic ring of 5 to 7 members containing 0-2 additional 

heteroatoms independently selected from oxygen, siilfur and nitrogen; 

R^and Rff are independently selected from hydrogen, Ci-ioallgrl, Cy and 

Cy-d-ioalkyl wherein Gy is optionally substituted with Ci-iQalkyl; or 

15 Rf and US together with the carbon to which they are attached form a 

ring of 5 to 7 members containing 0-2 heteroatoms independently 
selected from oxygen, sulfur and nitrogen; 



1) 


hydrogen. 


2) 


Cl-ioallgrl, 


3) 


C2-10alkenyl, 


4) 


C2-10allgaiyl, 


5) 


cyano, 


6) 


aryl. 


7) 


aiyl Ci-ioallqrl, 


8) 


heteroaryl. 


9) 


heteroaryl Ci_ioallqrl, or 


10) 


-S02Ri; 



wherein alkyl, alkenyl, and alkynyl are optionally substituted with one to 
foizr substituents independently selected from R^; and aryl and 
heteroaryl are each optionally substituted with one to four substituents 
independently selected from R^; 



-10- 
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1) Ci.ioal]rjrl, 

2) C2-10alkenyl, 

3) C2-I0alkynyl, or 

4) aryl; 

wherein al^l, alkenyl, allgniyl and aryl are each optionally substituted 
with one to four substituents independently selected from RC; 



18 1) 






-JM02, 


3) 


halogen 






^) 






.SCO)oORd 


7) 


-SfOmNRdRe 


o) 






-O^'PPfRfir^ "NTPd'pe 


10) 




11) 




12) 


-C09fCRfe&)«CONRdRe 


13) 


-OC(0)Rd, 


14) 


-CN, 


IS) 


-C(0)NRdRe, 


16) 


-NRdc(0)Re- 


17) 


-OC(0)NR<iRe, 


18) 


-NRdC(0)ORe, 


19) 


-NRdC(0)NRdRe, 


20) 


-CRd<N-ORe), 


21) 


-CF3. 


22) 


oxo, 


23) 


NRdC(0)NRd S02Ri, 


24) 


NR<iS(0)mRe, 


25) 


-0S(0)20Rd, or 


26) 


-0P(0)(0Rd)2; 
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Ry is 1) a group selected from R^c, 

2) Ci-ioalkyl, 

3) C2-10 alkenyl, . 

4) C2-10 alkynyl, 

5) aryl Ci-ioalkyl, 

6) heteroaryl Cuo alkyl, 

7) cycloalkyl, 

8) heterocyclyl; 

wherein alkyl, alkenyl, alkynyl and aryl are each optionally substituted 
with one to four substituents independently selected from RX; 

Cy is cycloalkyl, hetwocyclyl, aryl, or heteroaryl; 

m is an integer from 1 to 2; 

n is aii integer from 1 to. 10; 

X is 



Yis 



1) 


-C(0)ORd, 


2) 


-P(OXORd)(ORe) 


3) 


-P(0)(Rd)(ORe) 


4) 


-S(0)niORd, 


5) 


-C(0)NR<iRh, or 


6) 


-5-tetrazolyI; 


1) 


-C(0)-, 


2) 


-O-C(O)-, 


3) 


-NRe-C(O)-, 


4) 


-S(0)2-, 


5) 


-P(0)(OR4)or 


6) 


C(0)C(0); 



Z and A are independently selected from -C- and -C-C-; 
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B is selected from the group consisting of 

1) a bond, 

2) -C- 

5 3) -C-C-, 

3) -C=C-, 

4) a het^oatom sheeted from the group consisting of 
nitrogen, o^gen, and sulfttr; and 

5) -S(0)ni-. 

10 In one embodiment of the method compounds of Formula I 

are those wherein Y is S(0)2 and Rl is Ci-ioallyl, Cy or Cy-Ci-io alkyl 
wherein siikyi is optionally substituted with one to two substituents 
independently selected from Ra, and Cy is optionally substituted with 
one to four substituents independently selected from Rb, 

•5 In another embodiment of the method compounds of 

Formvda I are those of formula la, lb or Ic. 

In another embodiment, the cell adhesion is mediated by 

VLA-4. 

Another aspect of the present-invention provides novel 
compounds of Formula la: 




la 



or a pharmaceutically acceptable salt thereof, wherein the variables are 
as defined imder formula I with the proviso that R6/R7 is not oxo when 
attached to the carbon between N and B, and with the further proviso 
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that when B and Z are each C, R2, r3, r6, and R7 are each H, then Rl is 
other than phenyl, 4-methylphenyl and 5-(NR<iRe)naphthyl. 

In one subset of Formula la are compounds wherein Z is C. 

In another subset of Formua la are compounds wherein B 
is C, C=C, C-C or S. Preferably B is C or C=C. 

In another subset of Formula la are compoimds wherein X 

is C(0)ORd. 

In another subset of Formula la are compounds wherein 
Rl is Ci-ioalkyl, Cy or Cy-Ci-iQalkyl wherein alkyl is optionally 
substituted with one to two substituents independently selected from Ra, 
and Cy is optionally substituted with one to fovir substituents 
independently selected from Rb. For the purpose of Rl Cy is preferably 
aryl optionally substituted with one to four substituents selected fi^m R*>. 
More pref(»Ted Rl is phenyl with a substituent on the 3-position and 
optionally a second substituent; the more preferred substituents are 
selected from Ci.iQalkoxy, halogen, cyano/ and trifluoromethyl. 

In another subset of Formula la are compounids wherein 
R2 is H or Ci-eallgrL Preferred R2 is H or Ci-salkyl, more preferably H 
or methyl. 

In another subset of Formula la are compounds wherein 
R3 is H or Ci-ealkyl. Preferred R3 is H or Ci^alkyl, more preferably H 
or methyl. 

In another subset of Formula la are compounds wherein 
R5 is H and R4 is Ci-ioalkyl or Cy-Ci-ioalkyl, wherein alkyl is optionally 
substituted with one to four substituents selected from ph^yl and Rx, 
and Cy is optionally substituted with one to four substituents 
independently selected from RJ; or R4, r5 and the carbon to which they 
are attached together form a 3-7 membered mono- or bicyclic carbon only 
ring. For the pmpose of R4, Cy is preferably aryl, more preferably 
phenyl. In a preferred embodiment, R4 is phenyl-Ci-3alkyl, wherein 
phenyl is optionally substituted with one or two groups selected from Ry. 

In one embodiment of compounds of formula la are 
compoimds of formula lb: 
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.R2 

lb 

wherein R2 is H or Cl-S alkyl, and Rl, R3, r4 and R5 are as defined 
previously under Formula I. In a preferred embodiment X is CO2H; Rl 
is aiyl optionally substituted with one to four substituents selected fi-om 
R1>; R2 is H; R3 is H or C1.3 alkyl; R4 is phenyl-Ci_3alkyl, wherein 
phenyl is optionally substituted with one or two groups selected from RX; 
andR^isH. 

Another embodiment of compounds of Formula la are 
compounds of the forniula Ic: 




Ic 

wherein R2 is H or C1.3 alkyl, R6 is H, Ci-6 alkyl, aryl, ORd, SR^, 
NRdRe, or NR<k5(0)Re, B is S, C=C, C or C-C, R3 is H or Ci-Salkyl, Rb 
and Ry are as defined under Formula I. Preferably B is C and Rb is 
halogen, Ci-iQalkoxy, cyano, or trifluoromethyl. 
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The present compounds are generally composed of three 
domains: 1) an acyl (including sulfonyl) moiety, 2) a cyclic amino acid 1, 
and 3) amino acid 2, and are named in a manner similar to that used to 
name oliogopeptides. Representative names used herein and their 
corresponding structures are shown below (without the stereochemistry) 
to illustrate the nomenclature used in the application. 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyKD-leucine 




N-(3,5-dichloroben2enesulfonyl)-(L)-pipecolyl-(L)-homophenylalanine 




N-(3-fluorobexizenesulfonyl)-(L)-4(R)-hydroxyprolyl-(L)-tyrosine, O-tert- 
butyl ether 



-16- 



wo 98/53814 




PCT/US98/I0940 



N-I4-(N'-2-toluyliireido)phenylacetyl-(L)-prolyl-(L)-norl^ 




"Alkyl", as well as other groups having the prefix "alk", 
such as alkoxy, alkanoyl, means carbon chains which may be linear or 
branched or combinatiozis thereof. Examples of al^l groups include 
methyl, ethyl, propyl, isopropyl, butyl, gee- and Jbacfe-bulyl, pentyl, hexyl, 
heptyl, octyl, nonyl, and the like. 

"Alkenyl" means carbon chains which contain at least one 
carbon-carbon double bond, and which may be Unear or branched or 
combinations thereof. Examples of alkenyl include vinyl, allyl, 
isopropenyl, pentenyl, hexenyl, heptenyl, 1-propenyl, 2rbutenyl, 2- 
methyl-2-butenyl, and the like. 

"Allqniyl" meanis carbon chains which contain at least one 
carbon-carbon triple bond, and which may be linear or branched or 
combinations thereof. Examples of aligmyl include ethynyl, propargyl, 
3-methyl-l-pentynyl, 2-heptynyl and the like. 

"Cycloalkyl" means mono- or bicyclic saturated carbocyclic 
rings, each of which having from 3 to 10 carbon atoms. The term also 
includes monocyclic rings fused to an aryl group in which the point of 
attachment is on the non-aromatic portion. Ex£unples of cycloallsyl 
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include cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, 
tetrahydronaphthyl, decahydronaphlhyl, indanyl, and the like. 

"Aryl" means mono- or bicyclic aromatic rings containing 
only carbon atoms. The term also includes aiyl group Aised to a 
5 monocyclic cycloall^l or monocyclic hetero<7clyl group in which the 

point of attachment is on the aromatic portion. Examples of aryl include 
phenyl, naphthyl, indanyl, indenyl, tetrahydronaphthyl, 2,3- 
dihydrobenzofuranyl, benzopyranyl, 1,4-benzodioxanyl, and the Hke. 

"Heteroaiyl" means a mono- or bicyclic £u:omatic ring 
10 containing at least one heteroatom selected from N, O and S, with each 
ring containing 5 to 6 atoms. Examples of heteroaiyl include pyrrolyl, 
isoxazolyl, isothiazolyl, pyrazolyl, pyridyl, oxazolyl, oxadiazolyl, 
thiadiazolyl, thiazolyl, imidazolyl, triazolyl, tetrazolyl, furanyl, triazinyl>; 
thienyl, pyrimidyl, pyridazinyl, pyrazinyl, benzoxazolyl, benzothiazolyl, 
15 benzimidazolyl, benzofuranyl, benzothiophenyl, furo(2,3-b)pyridyl, 
quinolyl, indolyl, isoquinolyl, and the like. 

"Heterocyclyl" means mono- or bicyclic saturated rings 
containing at least one heteroatom selected from N, S and O, each of said 
ring having from 3 to 10 atoms in which the point of attachment may be 
20 carbon or nitrogen. The term also includes imonocyclic heterocycle fused 
to an aryl or heteroaiyl group in which the point of attachment is on the 
non-aromatic portion. Examples of "hieterocgrclyr' include pjrrrolidinyl, 
piperidinyl, piperazinyl, imidazolidinyl, 2,3-dihydrofuro(2,3-b)pyTidyl, 
benzoxazinyl, tetrahydrohydroquinqlinyl, tetrahydroisoquinolinyl, 
25 dihydroindolyl, and the like. The term also includes partially 

unsaturated monocyclic rings that are not aromatic, such as 2- or 4- 
pjrridones attached through the nitrogen or N-substituted-(lH,3H)- 
I0^rimidine-2,4-diones (N-substituted uracils). 

"Halogen" includes fluorine, chlorine, bromine and iodine. 

30 

Optical Isomers - Diastereomcrs - Geometric Isomerfl - TaiitnTnera 

Compounds of Formula I contain one or more asymmetric 
centers and can thiis occxu- as racemates and racemic mixtures, single 
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enantiomers^ diastereomeric mixtures and individual diastereomers. 
The present invention is meant to comprehend all such isomeric forms 
of the compounds of Formula I. 

Some of the compounds described herein contain olefinic 
5 double bonds, and unless specified otherwise, are meant to include both 
E and Z geometric isomers. 

Some of the compounds described herein may exist with 
different points of attachment of hydrog^, referred to as tautomers. 
Such an example may be a ketone and its enol form known as keto-enol 
10 tautomers. The individual tautomers as well as niixture thereof are 
encompassed with compounds of Formula I. 

Compounds of the Formula I may be separated into 
diastereoisomeric pairs of enantiomers by, for example, firactional 
crystallization firom a suitable solvent, for example methanol or ethyl 
15 acetate or a mixture thereof. The pair of enantiomers thus obtained may 
be separated into individual stereoisomers by conventional means, for 
example by the use of an optically active acid as a resolving agent. 

Alternatively, any enantiomer of a compound of the general 
Formula I or la may be obtained by stereospecific synthesis using 
20 optically pure starting materials or reagents of known configuration. 

Salts 

The term "pharmaceutically acceptable salts" refers to salts 
* prepared firom phaurmaceutically acceptable non-toxic b^ or acids 
25 including inorganic or organic bases and inorganic or organic acids. 
Salts derived firom inorganic bases include alxuiinum, ammonium, 
calcium, copper, ferric, ferrous, lithium, magnesium, manganic salts, 
manganous, potassium, sodium, zinc, and the like. Particularly 
preferred are the ammonium, calcium, magnesium, potassimn, and 
30 sodium salts. Salts derived firom pharmaceutically acceptable organic 
non-toxic bases include salts of primary, secondary, and tertiaiy 
amines, substituted amines including naturally occurring substituted 
amines, cyclic amines, and basic ion exchange resins, such as arginine, 
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betaine, caffeine, choline, N,N-dibenzylethylenediamine, diethylamine, 
2-diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, 
ethylenediamine, N-ethyl-morpholine, N-ethylpiperidine, glucamine, 
glucosamine, histidine, hydrabamine, isopropylamine, lysine, 
methylglucamine, xnorpholine, piperazine, piperidine, polyamine 
resins, prOciaine, purines, theobromine, triethylamine, trimethylamine, 
tripropylamine, tromethamine, and the like. 

When the compound of the present invention is basic, salts 
may be prepared from pharmaceutically acceptable non-toxic acids, 
including inorganic and organic acids. Such acids include acetic, 
benzenesulfonic, benzoic, camphorsulfonic, citric, ethanesulfonic, 
fumaric, gluconic, glutamic, hydrobromic, hydrochloric, isethionic, 
lactic, maleic, malic, mandelic, methanesulfonic, mucic, nitric, 
pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric, p- 
toluenesulfonic acid, and the like. Particularly preferred are citric, 
hydrobromic, hydrochloric, maleic, phosphoric, sulfuric, and tartaric 
acids. 

It will be understood that, as used herein, references to the 
compounds of Formula I are meant to also include the pharmaceutically 
acceptable aalts. 

Utilities 

The ability of the compounds of Formula I to antagonize the 
actions of VLA-4 and/or a4p7 integnn makes them useful for preventing 
or reversing the symptoms, disorders or diseases induced by the binding 
of VIA-4 and or a4p7to their various respective ligands. Thus, these 
antagonists will inhibit cell adhesion processes including cell activation, 
migration, proliferation and differentiation. Accordingly, another 
aspect of the present invention providies a method for the treatment 
(including prevention, alleviation, amelioration or suppression) of 
diseases or disorders or symptoms mediated by VLA-4 and/or a4P7 
binding and cell adhesion and activation, which comprises 
administering to a mammal an effective amount of a compound of 
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Formula I. Such diseases, disorders, conditions or sjonptoms are for 
example (1) multiple sclerosis, (2) asthma, (3) allergic rhinitis, (4) 
allergic conjunctivitis, (5) inflammatory Itmg diseases, (6) rheumatoid 
arthritis, (7) septic arthritis, (8) type I diahetes, (9) organ transplantation 
5 rejection, (10) restenosis, (11) autologous bone marrow transplantation, 
(12) inflammatory sequelae of viral infections, (13) myocarditis, (14) 
inflammatory bowel disease including ulcerative colitis and Crohn's 
disease, (15) certain types of toxic and iznmune-based nephritis, (16) 
contact dermal hypersensitivity, (17) psoriasis, (18) tumor metastasis, 
10 and (19) atherosclerosis. 

Dose Ranges 

The magxdtude of prophylactic or. therapeutic dose of a 
compound of Formula I will, of course, vary with the nattire of the 

15 severity of the condition to be treated and with the particular compound 
of Formtila I and its route of administration. It will also vary according 
to- the age, weight and response of the individual patient. In general, the 
daily dose range lie within the range of from about 0.001 mg to about 100 
mg per kg body weight of a mammal, preferably 0.01 mg to about 50 mg 

20 per kg, and most preferably 0.1 to 10 mg per kg, in single or divided 
doses. On the other hand, it may be necessary to use dosages outside 
these limits in some cases. 

For use where a composition for intravenous 
administration is employed, a suitable dosage range is from about 0.001 

25 mg to about 25 mg (preferably from 0,01 mg to about 1 mg) of a compound 
of Formula I per kg of body weight per day and for cytoprotective use 
from about 0*1 mg to about 100 mg (preferably from about 1 mg to about 
100 mg and more preferably from about 1 mg to about 10 mg) of a 
compound of Formida I per kg of body weight per day. 

30 In the case where an oral composition is employed, a 

suitable dosage range is, e.g. from about 0.01 mg to about 100 mg of a 
compound of Formula I per kg of body weight per day, preferably from 
about 0-1 mg to about 10 mg per kg and for cytoprotective use from 0.1 mg 
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to about 100 mg (preferably from about 1 nig to about 100 mg and more 
preferably from about 10 mg to about 100 mg) of a compound of Formula 
I per kg of body weight per day. 

For the treatment of diseases of the eye, ophthalmic 
5 preparations for ocular administration comprising 0.001-1% by weight 
solutions or suspensions of the compounds of Formula I in an acceptable 
ophthalmic formulation may be used. 

Pharmaceutical Compoaitinng 

10 Another aspect of the present invention provides 

pharmaceutical compositions which comprises a compound of Formula 
I and a pharmaceutically acceptable carrier. The term "composition", 
as in pharmaceutical composition, is intended to encompass a product 
comprising the active ingredient(s), and the inert ingredients) 
15 (pharmaceutically acceptable excipients) that make up the carrier, as 
well as any product which results, directly or indirectly, from 
combination, complexation or aggregation of any two or more of the 
ixigredients, or from dissociation of one or more of the ingredients, or 
fit)m other types of reactions or interactions of one or more of the 
20 ingredients. Accordingly, the pharmaceutical compositions of the 
present invention encompass any composition made by admixing a 
compound of Fbnnula I, additional active ingredient(s), and 
pharmaceutically acceptable excipients. 

Any suitable route of administration may be employed for 
25 providing a mammal, especially a human with an effective dosage of a 
compound of the present invention. For example, oral, rectal, topical, 
parenteral, ocular, puhnonary, nasal, and the like may be employed. 
Dosage forms include tablets, troches, dispersions, suspensions, 
solutions, capsules, creams, ointments, aerosols, and the like. 
30 The pharmaceutical compositions of the present invention 

comprise a compound of Formula I as an active ingredient or a 
pharmaceutically acceptable salt thereof, and may also contain a 
pharmaceutically acceptable carrier and optionally other therapeutic 
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ingredients. The term "pharmaceutically acceptable salts" refers to 
salts prepared from pharmaceutically acceptable non-toxic bases or 
acids including inorganic bases or acids and organic bases or acids. 

The compositions include compositions suitable for oral, 
rectal, topical, parenteral (including subcutaneous, intramuscular, and 
intravenous), ocular (ophthalmic), pulmonary (aerosol inhalation), or 
nasal administration, although the most suitable route in any given case 
will depend on the nature and severity of the conditions being treated 
and oh the nature of the active ingredient. They may be conveniently 
presented in unit dosage form and prepared by any of the methods well- 
known in the art of pharmacy. 

For administration by inlialation, the compounds of the 
present invention are conveniently delivered in the form of an aerosol 
spray presentation from pressurized packs or nebulisers. The 
compounds may also be delivered as powders which may be formtdated 
and the powder composition may be inhaled with the aid of an 
insufflation powder inhaler device. The preferred delivery systems for 
inhalation are metered dose inhalation (MDI) aerosol, which may be 
formulated as a suspension or solution of a compound of Formula I in 
suitable propellants, such as fluorocarbons or hydrocarbons and dry 
powder inhalation (DPI) aerosol, which may be formulated as a dry 
powder of a compound of Formula I with or without additional 
excipients. 

Suitable topical formulations of a compound of formula I 
include transdermal devices, aerosols, creams, ointments, lotions, 
dusting powders, and the Uke. 

In practical use, the compounds of Formula I can be 
combined as the active ingredient in intimate admixture with a 
pharmaceutical carrier according to conventional pharmaceutical 
compounding techniques. The carrier may take a wide variety of forms 
depending on the form of preparation desired for administration, e.g., 
oral or par nteral (including intrav nous). In preparing the 
compositions for oral dosage form, any of the usual pharmaceutical 
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media may be employed, such as, for example, water, glycols, oils, 
alcohols, flavoring agents, preservatives, coloring agents and the like in 
the case of oral liquid preparations, such as, for example, suspensions, 
elixirs and solutions; or carriers such as starches, sugars, 
microcrystalline cellulose, diluents, granulating agents, lubricants, 
binders, disintegrating agents and the like in the case of oral solid . 
preparations such as, for ^cample, powders, capsules and tablets, witJi 
the solid oral preparations being preferred over the liquid preparations. 
Because of their ease of administration, tablets and capsules represent 
the most advantageotis oral dosage unit form in which case solid 
pharmaceutical carriers are obviously employed. If desired, tablets may 
be coated by standard aqueous or nonaqueous techniques. 

In addition to the common dosage forms set out above, the 
compounds of Formula I may also be administered by controlled release 
means and/or delivery devices such as those described in U.S. Patent 
Nos. 3,845,770; 3,916,899; 3,536,809; 3,598,123; 3,630,200 and 4,008,719; 

Pharmaceutical compositions of the present invention 
suitable for oral administration may be presented as discrete units such 
as capsules, cachets or tablets eadi containing a predetermined amount 
of tiie active ingredient, as a powder or granules or as a solution or a 
suspension in an aqueous liquid, a non-aqueous liquid, an oil-in-water 
emulsion or a water-in-oil liquid emulsion. Such compositions may be 
prepared by any of the methods of pharmacy but all methods include the 
step of bringing into association the active ingredient with the carrier 
which constitutes one or more necessary ingredients. In general, the 
compositions are prepared by uniformly and intimately admixing the 
active ingredient with liquid carriers or finely divided solid carriers or 
both, and then, if necessary, shaping tiie product into the desired 
presentation. For example, a tablet may be prepared by compression or 
molding, optionally with one or more accessory ingredients. 
Compressed tablets may be prepared by compressing in a suitable 
machine, the active ingredient in a fi-ee-flowing form such as powder or 
granules, optionally mixed with a binder, lubricant, inert diluent, 
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surface active or dispersing agent. Molded tablets may be made by 
molding in a suitable machine, a mixture of the powdered compound 
moistened with an inert liquid diluent. Desirably, each tablet contains 
from about 1 mg to about 500 mg of the active ingredient and each cachet 
or capsule contains from about 1 to about 500 mg of the active ingredient. 

The following are examples of representative 
pharmaceutical dosage forms for the compoxmds of Formula I: 



Injectable Suspension (tM.) mg/mL 

Compound of Formula I . 10 

Methylcelliilose 5.0 

TweenSO , 0.5 

Bensyl alcohol 9.0 

Benzalkonitun chloride 1.0 
Water for iiyection to a total volume of 1 mL 

Tablet mg/tablet 

Compoimd of Formula I 25 

Microcrystalline Cellulose 415 

Povidone 14.0 

Pregelatinized Starch 43.5 

Magnesium Stearate 2.5 

500 

Capsule ^ mg/capsule 

Compoimd of Formula I 25 

Lactose Powder 573.5 

Magnesium Stearate 1,5 

eoo 

A^rQpol Per canister 

Compound of Formula I 24 mg 

Lecithin, NF Liquid Concentrate 1.2 mg 
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Trichlorofluoromethane, NF 4,025 g 

Dichlorodifliioromethane, NF 12.15 g 

Combination Therapy 

Compounds of Formula I may be used in combination with 
other drugs that are used in the treatment/prevention/suppression or 
amelioration of the diseases or conditions for which compounds of 
Formula I are useful. Such other drugs may be administered, by a route 
and in an amount commonly used therefor, contemporaneously or 
sequentially with a compound of Formtda I. When a compound of 
Formula I is used contemporaneously with one or more other drugs, a 
pharmaceutical composition containing such other drugs in addition to 
the compotmd of Formula I is preferred. Accordingly, the 
pharmaceutical compositions of the present invention include those that 
also contain one or more other active ingredients, in addition to a 
compoimd of Formula I. Examples of other active ingredients that may 
be combined with a compound of Formula I, either administered 
separately or in the same pharmaceutical compositions, include, but are 
not limited to: 

(a) otiher VLA-4 antagonists such as those described in US 5,510,332, 
WO97/03094, WO97/02289, WO96/40781, W096/22966, WO96/20216^ 
WO96^01644, WO96A)6108, W095/15973 and WO96/31206; (b) stCTc^ids such 
as beclomethasone, methylprednisolone, betamethasone, prednisone, 
dexamethasone, and hydrocortisone; (c) immunosuppressants such as 
(^dosporih, tacrolimus, rapamydn and ot^^ 

immunosuppressants; (d) antihistamines (Hl-histamine antagonists) 
such as brombpheniramine, chlorpheniramine, dexchlorpheniramine, 
triprolidine, clemastine, diphenhydramine, diphenylpyraline, 
tripelennamine, hydroxyzine, methdilazine, promethazine, 
trimeprazine, azatadine, cyproheptadine, antazoline, pheniramine 
pjrrilamine, astemizole, terfenadine, loratadine, cetirizine, 
fexofenadine, descarboethoxyrloratadine, and the like; (e) non-steroidal 
anti-asthmatics such as p2-agonists (terbutaline, metaprotei^enol, 
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fenoterol, isoetharine, albuterol, bitolterol, salmeterol and pirbuterol), 
theophylline, cromolyn sodium, atropine, ipratropium bromide, 
leukotriene antagonists (zafirlukast, montelukast, pranlukast, 
iralukast, pobilukast, SKB-106,203), lexikotriene biosynthesis inhibitors 
5 (zileuton, BAY-1005); (f) non-steroidal antiinflammatory agents 
(NSAIDs) such as propionic acid derivatives (alminoprofen, 
benoxaprofen, bucloxic acid, carprofen, fenbufen, fenoprofen, fluprofen, 
flurbiprofen, ibuprofen, indoprofen, ketoprofen, miroprofen, naproxen, 
oxaprozin, pirprofen, pranoprofen, suprofen, tiaprofenic acid, and 
10 tioxaprofen), acetic acid derivatives (indomethacin, acemetacin, 

diclofenac, clidanac, diclofenac, fenclofenac, fenclozic acid, fentiazac, 
furdfenac, ibufenac, isoxepac, oxpinac, sulindac, tiopinac, tolmetin, 
zidometacin, and zomepirac), fenamic acid derivatives (flufenamic acid, 
meclofenamic acid, mefenamic acid, niflumic acid and tolfenamic acid), 
15 biphenylcarbojgrlic acid derivatives (diflunisal and flufenisal), oxicams 
(isoxicam, piroxicam, sudoxicam and tenoxican), salicylates (acetyl 
salicylic acid, sulfasalazine) and the pjnrazolones (apazone, 
bezpiperylon, feprazone, mofebutazone, oxyphenbutazone, 
phenylbutazone); (g) cyclooxygenase-2 (COX-2) inhibitors such as 
20 celecoxib; (h) inhibitors of phosphodiesterase type IV (PDE-IV); (i) 

antagonists of the chemokine receptors, especially CCR-1, CCR-2, and 
CCR-3; (j) cholesterol lowering agents such as HMG-CoA reductase 
inhibitors (lovastatin, simvastatin and pravastatin, fluvastatin, 
atorvastatin, and other statins), sequestrants (cholestyramine and 
25 colestipol), nicotinic acid, fenofibric acid derivatives (gemfibrozil, 

clofibrat, fenofibrate and benzafibrate), and probucol; (k) anti-diabetic 
agents such as insulin, sulfonylureas, biguanides (metformin), a- 
glucosidase inhibitors (acarbose) and glitazones (troglitazone, 
pioglitazone, englitazone, MCC-555, BRL49653 and the like); G) 
30 preparations of interferon beta (interferon beta-la, interferon beta-lb); 
(m) anticholinergic agents such as muscarinic antagomsts 
(ipratropium bromide); (n) other compounds such as 5-aminosalicylic 
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acid and prodrugs thereof, antimetabolites such as azathioprine and 6- 
mercaptcpurine, and cytotoxic cancer chemotherapeutic agents. 

The weight ratio of the compound of the Formula I to the 
second active ingredient may be varied and will depend upon the 
effective dose of each ingredient. Generally, an efifective dose of each will 
be used. Thus, for example, when a. compound of the Formula I is 
combined with an NSAID the weight ratio of the compound of the 
Formula I to the NSAID will generally range from about 1000:1 to about 
1:1000, preferably about 200:1 to about 1:200. Combinations of a 
compound of the Formula I and other active ingredients will generally 
also be within the aforementioned range, but in each case, an effective 
dose of each active ingredient should be used. 

Compoimds of the present invention may be prepared by 
procedures illustrated in the accompanying schemes. In the first 
method (Scheme 1), a resin-based synthetic strategy is outUned where 
the resin employed is represented by the ball ( ® ). An N-Fmoc- 
protected amino acid derivative A (Fmoc = fluorenylmethos^carbonyl) 
is loaded on to ttie appropriate hydroj^l-containing resin using 
dicyclohexylcarbodiimide (DCC) and l-hydroxybenzotriazole (HOBt) 
in dimethylformamide (DMF) to give B The Fmoc protecting group 
is removed with piperidine in DMF to yield free amine C. The next 
Fmoc-protected amino acid derivative Dis coupled to C employing 
standard peptide (in this instance, 2-(lH-benzotriazol-l-yl)-l,l,3,3- 
tetramethyluronium hexafluorophosphate (HBTU), HOBt, and N,N- 
diisopropylethylamine (DDSA) in DMF) to yield dipeptide E, The 
Fmoc group is removed with piperidine in DMF to yield the free 
amine £. An acid chloride or isocyanate derivative is reacted with E 
in the presence of DIEA to yield fi. The final product is removed from 
the resin with strong acid (in this instance, trifiuoroacetic add (TFA) 
in the presence of thioanisole and dithiane) to yield compounds of the 
present invention H. ^ 

) 
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In the second method (Scheme 2), standard solution 
phase synthetic methodology is outlined. An N-Boc-protected amino 

acid derivative A CBoc = tert-hutyloxycarbonyl) is treated with tert- 

hutyi 2,2,2-trichloroacetimidate in the presence of boron tiifluoride 

5 etherate to yield tert-bu^l ester followed by treatment with strong acid 

(HCl in ethyl acetate or sulfimc add in t-butyl acetate) to yield the free 

. amine B which is subsequently coupled to Cbz-protected amino add 

derivative Q (Cbz = carbobenzyloxy) in the pres^ce of l-(3- 

dime1hylaminopropyl)-3-ethylcarbodumide hydrochloride (EDC), 

10 HOBt, and N-methylmorpholine (NMM) in methylene chloride 

(Methylene chloride) to yield dipeptide fi. Catalytic hydrogenatibn of 

Din the presence of a palladium-on-carbon (Pd/C) catalyst yields E. 

Reaction of E with an aqylchloride or isocyanate in the presence of 

DIEA and 4-dimethylaminopyridine (DMAP) yields F which is 

15 subsequently reacted wth strong acid (TPA) to yield the desired 
product^. " . 
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GENERAL PROCEDTTR E FOR THE SOLID-PHASE SYNTHRSTS OF 
COMPOUNDS OF FORMULA 1 . 

Step A. Loading of N-Fm^r-^TniTin a cid derivatives onto reains. 
. 5 > N-Pmoc-amino adds were loaded on either Wang® 

(Calbiochem-Novabiochem Corp.) or Chloro (2-chlorotrityl) resin. 
Wang® resin, topically 0.3 nunol, was washed with 
dimethylformamide three times. A solution of N-Fmoc-amino acid 
(0.3 mmol) in dimethylformamide (3 mL) was transferred to the pre- 
10 swollen Wang® resin. Dicyclohexylcarbodiimide (0.3 mmol) and 1-N- 
hydro3Qrbenztriazole (0.3 mmol) was added and the mixture gently 
swirled for 2 hours. Following filtration, the resin was sequentially 
washed with dimethylformamide (3 times) and dichloromethane (3 
times). The amino acid substitution value obtained after vacuum 
15 drying typically ranged between 0.07 to 0.1 mmol. 

Alternatively, Chloro (2-chorbtrityl) resin, tjrpically 0.2 
mmol, was pre-swoUen in dimethylformamide. A solution of N- 
Fmoc-amino acid (0.2 mmol) in dimethylformamide (3 ml) was added 
to the resin, followed by the addition of £i,H-diisopropylethylamine(0.4 
20 mmol). The resin was gently stirred for 2 hoxu^, filtered and washed 
sequentially with dimethylformamide (3 times) and dichloromethane 
(3 timies). The re^n was finally washed with 10% methanol in 
dichloromethane and vacuum dried. The amino acid substitution 
value obtained after vacuum drying typically ranged between 0.05 to 
25 0.1 mmol. 

StepB. Deprotection of the N- Fmoc prmip. 

The N-Fmoc protecting group was removed fi:om the 
resin firom Step A by treatment with 20% piperidine in 
30 dimethylformamide for 30 minutes. Following filtration, the resin 
was washed sequentially with dimethylformamide (3 times), 
dichloromethane (1 time) and dimethylformamide (2 times) and used 
in the subsequent r action. 
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StepC. Couplingr of the next N-Fmoc-amino acid derivative 

A solution of the next desired N-Fmoc-amino acid 
derivative (0.4 mmol) in dimethylformamide (2 mL) was mixed with 
5 2-(lH-benzotria2oH-yl)-l,l,3,3-tetramethyluronium 

hexafluorophosphate (0.4 mmol), 1-hydroxybenzotriazole (0.4 mmol) 
and diisopropylethylamine (0.6 mmol). This solution was transferred 
to resin from Step B and typically allowed to react for 2 hoxirs. 
Couplings were monitored by ninhydrin reaction. The coupling 
mixture was filtered and the resin washed with dimethylformamide 
(3 times) and used in the subsequent reaction. 

StepD. Deprotec tion of the N-Fmoc group . 

The N-Fmoc protecting group was removed from the 
resin from Step C by the procedure described in Step B and used in 
the subsequent reaction. 

Step E. Acvlation (or sulfonvDation) of the temiiTi»1 nm ino ^oup. 

The desired N-terminal capping reagent (sulfonyl) 
chloride or acyl chloride, or isocyanate) (0.4 mol) was dissolved in 
dimethylformamide (2 ml), mixed with 

diisopropylethylamine(0.8 mmol) and added to the resin from Step D. 
After approximately two hours, the resin was sequentially washed 
with dimethylformamide (3 times) and dichloromethane (3 times). 

StepR Cleavage of the des ired products from the resins. 

The final desired products were cleaved from the resins 
from Step E by gently stirring with a solution of trifluoroacetic 
acid:thioanisole:ethanedithiol (95:2.5:2.5); 3 hours for Wang® resin 
and 30 minutes for the Chloro (2-chorotrityl) resin. Following 
filtration, the solvents were removed by evaporation and the residue 
dissolved in ac tonitrile (3 mL), Insoluble material was removed by 
filtration. The final products were piuified by reverse phase 
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chromatography with a linear gradient of buffer A (0.1% 
Irifluoroacetic acid in water) and buffer B (0.1% trifluoroacetic acid in 
acetonitrile) and isolated by lyophilization. Molecular ions were 
obtained by electrospray ionization mass spectrometiy or matrix- 
5 assisted laser desorption ionization time-of-flight mass spectrometiy 
to confirm the structure of each peptide. 

The following compounds were prepared by the general 
procedures described above using the appropriate amino acid derivatives 
£md ac^l or siilfonyl) ddoride or alkyl or aiyl isocyanate. These 
10 examples are provided to illustrate the present invention and are not to 
be construed as limiting its scope in any manner. 

Ex. Compound Name MS 

(1) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 491 
tetrahydroisoquinoline-3(S)-carbonyl-(L)- 

lieucine 

(2) N-(3,4-dimethoxyben2enesulfonyl)-l,2,3,4- 534 
tetrahydroisoquinoline^3(S)-carbonyl-(L)- 

arg^inine 

(3) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 507 
tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
glutamic acid 

(4) N-(3,4-dimethp3grbenzenesulfonyl)-l,2,3,4- 435 
tetrahydroisoquinoline"3(S)-carbonyl-glycine 

(5) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 575 
tetrahydroisoquinoline-3(S)-carbonyHLHl- 
naphthyDalanine 

(6) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 491 
tetrahydroisoquinoline-3(S)-carbonyl-(L)-a-t- 
butylglycine 
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(7) N-(3,4-dimeth(M^benzenesulfonyl)-l,2,3,4- 531 

tetrahydroisoquinoline-3(S)-carbonyl-(L)-3-(2- 
thienyDalanine 

(8) N-(3,4-diinethoxybenzenesulfonyl)-l,2,3,4- 531 
tetrahydroisoquinoIine-3(S)-carbonyl-(L)- 
cyclohexylalanine 

(9) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 575 

tetrahydroisoquinoline-3(S)-carbonyI-(L)-3-(2- 
naphthyDalanine 

(10) N-(3,3-diphenylpropanoyl)-l,2,3,4-tetr£ihydro 498 
i8oqumolme-3(S)-carbonyl-(L)-norleucine 

(11) N-(2,4-dinitroben2enesulfonyl)-l,2,3,4- 521 

. tetrahydroisoqtiinoline-3(S)-carbonyl-(L)- 
norleucine 

(12) N-(3,4-dim(Bthojgrbenzenesiilfoiiyl)-l,2,3,4- 601 

tetTahydxt>isoquuioIine-3(S)-caribonyl-(L)-3,3- 
diphenylalanine 

(13) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 537 
tetrahydroisoquinoline-3(S)-carbonyl-l,2,3,4- 
tetrahydroisoquinoline-3-carboxylic acid 

(14) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 475 
tetrahydroisoquinoline-3(S)-carbonyl-(L)-proline 

(15) N-dansyl-l,2,3,4-tetrahydroisoquinoline-3(S)- 511 
carbonyKD-norleiicine 

(16) N-(2-naphthalenesulfonyl)-l,2,3,4-tetrahydro 481 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(17) N-(4-methoxyben2enestilfonyl)-l,2,3,4-tetrahydro 461 
isoquinoline-3(S)-carbonyl-(L)-iiorleucine 

(18) N-(4-phenylbenzoyl)-l,2,3,4-tetrahydro 471 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(19) N-(3,4-dimethylbenzenesulfonyl)-l,2,3,4- 481 
tetrahydroisoqiiinoline-3(S)-carbonyl-(L)-cysteine 
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(20) N-(4-t-buiylben2enesulfonyl)-l,2,3,4-tetrahydro 487 
isoquinoKne-3(S)-carbonyl-(L)-norleucine 

(21) N-(2,5-dichlorobenzenesulfonyl)-l,2,3,4- 498 
tetrahydro isoquinoline-3(S)-carbonyl-(L)- 
norleucine 

(22) N-(2-inesitylenesulfonyl)-l,2,3,4-tetrahydro 473 
isoqiunoline-3(S)-carbonyHL)-norleucine 

(23) N-(p-toluenesulfonyl)-l,2,3,4-tetrahydro 444 
isoqmnoline-3(S)-carbonyl-(L)-norleucine 

(24) N-(4-chlorobeixzenesiilfonyl)-l,2,3,4-tetrahydro 465 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(25) N-(N*-acetylsulfanilyl)-l,2,3,4-tetrahydro 488 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(26) N-(4-fluorobeiizenesulfonyl)-l,2,3,4-tetrahydro 449 
isoquinoline-3(S)-carbonyKL)-norleucine 

(27) N-(l-naphthalenesulfonyl)-l,2,3,4-tetrahy^dro 481 
isoqxiinoline-3(S)-carbonyl-(L)-norleucine 

(28) N-(benzylsulfonyl)-l,2,3,4- 445 

tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
norleucine 

(29) N-(4-nitrobenzenesulfonyl)-l,2,3,4-tetrahydro 476 
isoquinoliiie-3(S)-carbonyKL)-norleucine 

(30) N-(3,4-diinethoxybeiizenesulfonyl)-l,2,3,4- 525 
tetrahydroisoquinoline-3(S)-carbonyl-(L)-^ 
phenylalanine 

(31) N-(3,4-dimetho:Qrbenzenesxilfonyl)-l,2,3,4- 506 
tetrahydroisoquinoline-3(S)-carbonyHL)- 
glutamine 

(32) N-(3,4-dimethoxyben2enesulfonyl)-l,2,3,4- 570 
tetrahydroisoquinoline-3(S)-carbonyl-(L)-(4- 
nitrophenyDalanine 
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(33) N-(3,4-dimethoxybeiizenesulfonyl)-l,2,3,4- 492 
tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
asparagine 

(34) N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4- 509 
tetrahydroisoquinoline-3(S)-carbonyKL)- 
methionine 

(35) N-(3,4-diinethoxybenzenesulfonyl)-l,2,3,4- 539 
tetrahydroisoqmnoline-3(S)-carbonyKL)- 
homophenylalanine 

(36) N-(3,4-dimethoxybenzenes\ilfonyl)-l,2,3,4- 491 
tetrahydroisoqmnoline-3(S)-carbonyKD)- 
norleucine 

(37) N-(3,4-diinethoyjrbeii2enesulfonyl)-l,2,3,4- 543 
tetrahydroisoquinoliiie-3(S)-carbonyl-(L)-(4- 
fluorophenyDalanine 

(38) N-(3-toluenesulfonyl)-l,2,3,4-tetrahydro 445 
isoquinoline-3(S)-carbonyl-(L)<-norleucine 

(39) N-(4-trifluoromethylbenzenesulfonyl)-l,2,3,4- 499 
tetrahydroisoquinolme-3(S)-carbonyl-(L)- 
norleucine 

(40) N-(4-n-propyIbenzenesiilfonyl)-l,2,3,4-tetrahydro 473 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(41) N-(4-isopropylbenzenesulfonyl)-l,2,3,4- 473 
tetrahydroisoqiiinoline-3(S)-carbonyl-(L)- 
norleucine 

(42) N-(2,6-dichlorobenzenesulfonyl)-.l,2,3,4- 499 
tetrahydro isoquinoline-3(S)-carbonyKL)- 
norleucine 

(43) N-(4-ethylbenzenesulfonyl)-l,2,3,4-tetrahydro 459 
isoqiiinoKne-3(S)-carbonyl-(L)-norleucme 

(44) N-(2,4-difluorobenzenesxilfonyl)-l,2,3,4- 467 
tetrahydro isoquinoline-3(S)-carbonyl-(L)- 
norleucine 
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(45) N-(2-cyanobenzenesulfonyl)-l,2,3,4-tetrahydro 
isoqtiinoline-3(S)-carbonyKL)-norleucine 

(46) N-(4-tert-amylbeiizenesxilfonyl)-l,2,3,4- 
tetrahydro isoquinoline-3(S)-carbonyKL)- 
norleucine 

(47) N-(4-chloro-3-mtrobeiizenesulfonyl)-l,2,3,4- 
tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
norleucine 

(48) N-(3-cyanobenzoyl)-l,2,3,4-tetrahydro 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(49) N-(3,5-dichlorobenzenesulfonyl)-l,2,3,4- 

tetrahydroisoquinoline-3(S)-carbonyKL)- 
norleucine 

(50) N-(3,4-diclilorobenzenesulfonyl)-l,2,3,4- 
tetrahydroisoquinoline-3(S)-carbony(L)- 
norleucine 

(51) N-(2-trifluoromethylbenzenesulfonyl)-l,2,3,4- 

tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
norleucine 

(52) N-(2,3-dichlorobenzenestilfonyl)-l,2,3,4- 
tetrahydro isoquinoline-3(S)-carbonyl-(L)- 
norleucine 

(53) N-(2,4-dichlorobenzenesulfonyl)-l,2,3,4- 
tetrahydro isoqtiinoline-3(S)-carbonyl-(L)- 
norleucine 

(54) N-(2,5-dimethoxybenzenesulfonyl)-l,2,3,4- 

tetrahydroisoqmnoline-3(S)-carbonyKL)- 
norleucine 

(55) N-(3,4-diinetho3cybenzenesulfonyl)-l,2,3,4- 
tetrahydroisoquinoline-3(S)-carbonyKL)-serme 

(56) N-(3,4-diinethoxybeiizenesulfonyl)-l,2,3,4- 

tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
isoleucine 
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N-(3,4-dimethoxybenzenesulfonyI)-l,2,3,4- 564 

tetrahydroisoquinoline-3(S)-carbonyl-(L)- 

tryptophan 

N-(2,l,3-benzothiadiazole-4-sulfonyl)-l,2,3,4- 489 

tetrahydroisoquinoline-3(S)-carbonyl-(L)- 

tryptophan 

N-(3,4-diinethoxybenzenesulfonyl)- 1,2,3,4- 526 

tetrahydroisoquinoline-3(S)-carbonyl-(L)-3-(3- 

pjrridyDalamne 

N-(3,4-dimetho3rsrbenzenesulfonyl)-l,2,3,4- 603 
tetrahydroisoquinoline-3(S)-carbonyl-(L)-3-(2- 
xiaphthyDalaiune, ethyl ester 

N-acetyl-l,2,3,4-tetrahydroisoquinoline-3(S)- 333 
carbonyHD-norleucine 

N-(3,4-diinethoi7benzenesulfonyl)-l,2,3,4- 491 

tetrahydroisoquinoline-3(R)-carbonyl-(D)- 

norleucine 

N-propionyl-(L)-prolyl-l,2,3,4-tetrahydro 348 

isoquinoline-3(S)-carbonyl-(L)-norleucine 

N-(4-cyanobenzenesulfonyl)-l,2,3,4-tetrah.ydro 456 

isoquinoline-3(S)-carbonyl-(L)-norleucme 

N-(ben2enesulfonyl)-l,2,3,4-tetrahydro 431 

isoquinoline-3(S)-carbonyl-(L)-norleucine 

N-(3-nitrdbiBiizeiiesulfonyl)-l,2,3,4-tetrahydro 476 

isoquinoline-3(S)-carbonyl-(L)-norleucine 

N-(3-trifluoromethylbenzenesulfonyl)-l,2,3,4- 499 

tetrahydroisoquinoline-3(S)-carbonyl-(L)- 

norleucine 

N-(2-thienylsulfonyl)-l,2,3,4-tetrahydro 437 
isoqumoline-3(S)-carbonyl-(L)-norIeucine 
N-(3,4-dimethosybenzenesulfonyl)-l,2,3,4- 505 
tetrahydroisoquinoline-3(S)-carbonyl-(L)-N- 
methylleucine 
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(70) N-(3,4-(iiinethoxybenzenesulfonyl)-l,2,3,4- 535 

tetrahydroisoqxnnoline-3(S)-carbonyl-(L)- 
citruUine 

(71) N-(4-iodobenzenesiilfonyl)-l,2,3,4-tetrahydro 557 
isoquinoline-3(S)-carbonyl-(L)-norleucine 

(72) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyKL)-(3- 613 
iodo)tyrosine 

(73) N-(3,5-dichlorobeiizenesulfonyl)-(L)-prolyl-(L)-3- 472 
(3*pyridyl)alamne 

(74) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 471 
phenylalanine 

(75) N-(3,5-dichlorobenzenesulfonylHL)-prolyl-(L)- 453 
glutamic acid 

(76) N-(3,5-dichlorobeii2enesulfonyl).(L)-prolyl-(L)- 480 
arginine 

(77) N-(N-(3,5-dichloroben2enesulfonyI)-(L)-prolyl)-l- 
amino-cyclopentane-l-carboxylic acid 

(78) N-(3,5-dichlorobenzenesxilfonyl)-(L)-prolyl-(L)-3- 541 
(3 ,4-dichlorophenyl)alanine 

(79) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl.(L)-3- 549 
(2-naphthyl)alanine, ethyl ester 

(80) N-(3,5-dichloroben2enesulfonyl)-(L)-prolyl-(L)-3- 550 
(4-broniophenyl)alanine 

(81) N-(3,5-dichloroben2enesulfonyl)-(L)-prolyKL)-3- 516 
(4-nitrophenyl)alanine 

(82) N-(3,5-dichlorobenzenesulfonyl)-(L)-proIyl-(L)-3- 478 
(4-thiazolyl)alanine 

(83) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyKL)-3- 507 
(2-chlorophenyl)alanine 

(84) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl.(L)-3- 507 
(4-chlorophenyl)alanine ' 

(85) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3- 496 
(4-cyanophenyl)alanine 

•40- 



wo 98/53814 



PCT/US98/I0940 



(86) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 586 
tyrosine, O-suIfate 

(87) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyKL)- 739 
3,5-diiodot3n:osine 

(88) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 488 
tyrosine 

(89) N-(3,5-dichloroben2enesulfonyl)-(L)-prolyKL)- 438 
aspartic acid 

(90) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyKL)- 510 
trjrptophan 

(91) N-(3,5-dichloroben2enesulfonyl)-(L)-prolyKL)- 454 
methionine 

(92) N-(3,4-dimethoxybenzenesulfonyl)-(L)-prolyKL)- 429 
norleucine 

(93) N-(3,5-di(trifluoromethyl)benzenesulfonyl)-(L)- 589 
prolyHL)-3-(2-naphthyl)alanine 

(94) N-(3,4-dimetho3cybeiizenesulfonyl)-(L).thiaprolyl- 531 
(L)-3-(2-naphthyl)alanine 

(95) N-(3,4-diinetho^benzenesiilfonyl)-(L)-thiaprolyl- 447 
(L)-norleucine 

(96) N-[4-(N'.2-toluylureido)phenylacetyll-(L)- 597 
thiaprolyl-(L)-3-(2-naphthyl)alanine 

(97) N-(3,5-dichlorobenzenesulfonyl)-(L)-thiaprolyl- 539 
(L)-3-(2-naphthyl)alanine 

(98) N-(3,4-dimetho:^benzenesulfonyl)-(L)-pipecolyI- 443 
(L)-norleucine 

(99) N-(3,4-dimethoxybenzenesulfonyl)-(L)-pipecolyl- 471 
(L)-norleucine, ethyl ester 

(100) N-(3,5-dichlorobenzenesulfonyl)-(L)-pipecolyl-(L)- 499 
homophenylalanine 

(101) N-(3,5-dichlorobenzenesulfonyl)-(L)-pipecolyl-(L)- 626 
(3-iodo)tyrosine 
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(102) N-(3,5-dicMorobeMenesiilfonyl)-(L)-pipecolyHL)^ 535 
3-(2-naphthyI)alanine 

(103) N-[4-(N'-2-toluylureido)phenylacetyl]-(L)- 593 
pipecoliny(L)-3-(2-naphthyl)alaiune 

(104) N-[3,5-di(trifluoromethyl)benzenesulfonyl)]-(L)- 603 
pipecolyKL)-3-(2-naphthyl)alanine 

( 105) N-(3,4-dimetho^ben2enesulfonyl)-(L)-pipecolyl- 555 
(L)-3-(2-naphthyl)alanine, ethyl ester 

(106) N-(3,4-dimethoxyben2enesulfonyl)-(L)- 483 
octahy(lroisoqumoline-3-carbonyl-(L)-norleucine 

(107) N<3,4-dimethoxybenzenesuIfonyl)-azetidine-2- 415 
carbonyl-(L)-norleucine 

(108) N-(3,5-dichlorobezizenesulfonyl)-(L)-4(S)- 537 
hydrox3nprolyl-(L)-3-(2-naphthyl)alanine 

(109) N-(3,4-dimethosybenzenesulfonyl)-(L)-4(S)- 445 
hydroxyprolyKD-norleucine 

(110) N-(3,4-dimethoxyben2enesulfonyl)-(L)-3,4- 427 
dehydroprolyl-(L)-norleucine 

(111) N-(3-bis(N,N. 

benzenesulfonyl)aminobenzenesulfonyl)-(L)- 
prolyKD-norleucine 

(112) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3- 472.2 
(4-pyridyl)alaniiie 

(113) N-(3,5-dichlorobenzenesulfonyl)>(L)-4(R)- 536.1 
aminoprolyl-(L)-3-(2-naphthyl)alamne 

(114) N-(3,5-dichlorobenzeiiesulfonyl)-(L)-3,4- 487.2 
dehydroprolyl-(L)-4-fluorophenylalanine 

(115) N-(3-chlorobenzenesulfonyl)-(L)-prolyl-(L)-4- 455.1 
fluorophenylalanine 

(116) N-(3,5-dichlorobenzenesulfonyl)-(L)-4(R)- 505.2 
hydro3grprolyl-(L)-4-fluorophenylalanine 

(117) N-(3,5-dichlorobenzenesulfonyl)-(L)-thiaprolyl- 505.0 
(L)-tyrosine 
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(118) 


N-(3,5-dichlorobenzenesulfonyl)-(L)-thiaprolyl- 


631.0 




(L)-3-iodotvrosiiie 




(119) 


N-(3-fluorobenzenesulfonyl)-(L)-thiaprolyl-(L)-3- 
(2-naphthyl)alanine 


489.3 


(120) 


N-(3-fluorobeii2enesulfonyl)-(L)-pipecolyl-(L)-3-(2- 
naphthy 1 ) Alflnin e 


485.4 


(121) 


N-(3-fluorobenzenesiilfonvl)-fL)-thianrolvl-fT^'^-^ 
fluorophenylalanine 




(122) 


N-(3-£luorobenzenesiilfonyl)-(L)-prolyl-(L)-4- 
fluorophenvlalanine 


439.2 


(123) 


N-(3-chlorobenzenesulfoiiyl)-(L)-3 ,4- 
dehydroDrolvl-(L)-4-fluoroDhenvlalaniTie 


453.3 


(124) 


N-(3-£luorobenzenesulfoiiyI)-(L)-4(R)- 
liydroxyprolyl-(Li)~4-flu.oroDlienvlalaiiine 


455.0 


(125) 


N-(3-chlorobenzenesulfonyI)-(LM(R)- 


471.0 




hyciroxyprolyl-(L)-4-fluorophenvlaIanine 




(126) 


N-(3,5-dichlorobenzenesiilfonyl)-(L)-pipecolyl-(L)- 
4-'fluorophenylalamne 


503.1 


(127) 


N-(3-fluoroben2enesulfonyl)-(L)-3,4- 
dehydroprolyKD-tyrosine 


435.3 


(128) 


N-(4,5-dichloro-2-thiopheiiesulfoiiyl)-(L)-prolyl- 
(L)-tyrosine , 


493.2 


(129) 


N-(3-fluoroben2enesulfonyl)-(L)-4(R)- 
hydroxjrprolyKD-tjrrosine 


453.2 


(130) 


N-(3-chlorobenzenesulfonylHL)-4(R)- 
hycirox3rprolyl-(L)-tyrosine 


469.2 


(131) 


N-(3-fluorobenzenesulfonyl)-(L)-pipecolyl-(L)-4- 
fluorophenylalanine 


453.3 


(132) 


N-(3-fluorobenzenesiilfonyl)-(L)-4CR)- 
hydroxyprolyKD-tyrosine, O-tert-butyl ether 


509.1 


(133) 


N-(3-chlorobenzenesulfonyl)-(L)-4CR)- 
hydroxyprolyKD-tyrosine, O-tert-butyl ether 


525.3 
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N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-3,4- 


491.1 


dehydroprolyl-(L)- tyrosine 




N-(3,5-dichlorobeiizenesulfonyl)-(L)-3(S)-methyl- 


503.1 


prolyl-(L)-4-fluorophenylalanine 




N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-3,4- 


485.1 


dehydroprolyKL)-tyrosine 




Nr (3-fluorobenzenesulfonyl)-(L)-3 ,4- 


491.1 


dehydroprolyl-(L)-tyrosine, O-tert-butyl ether 




.N-(3-chlorobenzenesulfonyl)-(L)-3,4- 


507.3 


dehydroprolyl-(L)-tyrosine, O-tert-butyl ether 




N-(3-chlorobenzenesulfonyl)-GLi)-2(S)-methyl- 


469.1 


prolyl-(L)-4-fluorophenylalanine 




N-(3-chlorobeiizenesulfonyl)-(L)-2(S)-inethyl- 


467.3 


prolyl-(L)-1yrosine 




N-(3-chlorobenzenesulfonyl)-(L)-2(S)-methyl- 


523.2 


prolyKD-tyrosine, O-tert-butyl ether 




N-(3,5-dichlorobenzenesulfpnyl)-(L)-2(S)-methyl- 


501.0 


prolyKD-tyrosine 




N-(3-fluoroben2enesulfonyl)-(L)-prolyl-(L)-3- 


563.1 


iodotyrosine 




N-(3-chlorobenzenesulfonyI)-(L)-prolyl-(L)-3- 


579.0 


iodotyrosine 




N-(3-£luorobeiizenesulfonyl)-(L)-prolyl-(L)-3- 


421.1 


phenylalanine 




N-(3-chlorobenzenesulfonyl)-(L)-prolyl-(L)- 


437.3 


phenylalanine 




N-(3,5-dichloroben2enesulfonyl)-(L)-prolyKL)- 


471.2 


phenylalanine 




N-(3-fluoroben2enesulfonyl)-(L)-4(R)- 


437.3 


hydroiQrprolyHD-phenylalanine 




N-(3-chlorobenzenesulfonyl)-(L)-4(R)- 


453.2 


hydro3grprolyl-(L)-phenylalanine 
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(150) N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-3,4- 476.1 
deiiydroprolyl-(L)-3-(4-pyridyl)alaiiine 

(151) N-(4,5-dichloro-2-thiophenesulfonyl).(L)- 495.9 
thiaprolyl-(L)-3-(4-pyridyl)alaiiiiie 

(152) N-(4,5-dichloro-2-thiophenesulfonyl).(L)-3,4- 492.9 
dehydroprolyKL)-4-fluorophenylalaiune 

(153) N-(3,5-dichlorobenzenesulfonyl)-(L)-4(R). 487.1 
hydroj^rprolyKD-phenylalanine 

( 154) N-(3-trifluoromethylben2enesulfonyl)-(L)-prolyl- 489.3 
(L)-4-fluorophenylalanine 

(155) N-.(3-trifluoromethylbeiizenesulfonyl)-(L)- 507.0 
thiaprolyl-(L)-4"fluorophenylalanine 

(156) N-(3-fluorobenzenesulfonyl)-(L)-3,4- 437.1 
dehydroprolyl-(L)-4-fluorophenylalamne 

(157) N-<3,5-dicMon)bexizenesulfonyl)-(L)-prolyl-(L^^ 567.0 
tyrosine, O-phosphoric acid 

(158) N-(3-chlorobenzenesulfonyl).(L)-4(R)- 468.3 
ami]ioprolyl-(L)*tyrosine 

(159) N-(4,5-dichloro-2-thiophenesulfonyl)-(L>- 510.9 
thiaprolyl-(L)-1yFOsine 

(160) N-(Ni-methyM-imidazolesidfonyl)-(L)-prolyHL). 425.3 
4-fluorophenylalaxiine 

(161) N-(3,5-dichlorobenzenesulfonyl)-(D)-prolyl-(D)-4- 489.1 
fluorophenylalamne 

(162) N-(4,5rdichloro-2-thiophenesulfonyl)-(L)-4(R)- 492.9 
aminoprolyKL)-3-(4-pyridyl)alanine 

(163) N-(5-(5-trifluoromethyl-2-pyridylsulfonyl)-2- 636.1 
thiophenesulfonyl)-(L)-prolyKL)-4- 
fluorophenylalanine 

(164) N-(5-(N-(4-chlorobenzoyl)aininomethyl))-2- 575.1 
thiophenestilfonyl)-(L)-prolyl-(L)-4- 
fluorophenylalanine 
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(165) N-(5-(3-(l-methyl-5-trifluoromethyl-pyrazoyl))-2- 594.0 
thiophenesulfonyl)-(L)-prolyHL)-4- 
fluorophenylalanine 

(166) N-(3-fluorobenzenesulfonyl)-2(S)-methylprolyl- 507.3 
(L)-0-tert-butyl-tyrosine 

(167) N-(3-fluorobenzenesulfonyI)-(L)-4(R)- 454^ 
aininoprolyl-(L)-4-fluorophenylalanine 

(168) N-(3,5-diclilorobenzenesulfonyl)-(L)-4(R)- 504.3 
aininoprolyl-(L)-4-fluorophenylalanine 

(169) N-(3-chlprobenzenesulfonyl)-(L)-4(R)- 470.1 
aminoprolyl-(L)-4-fluorophenylalamne 

(170) N-(3,5-dichlorobenzenesulfonyl)-(L)-4(S)- 504.0 
aminoprolyl-(L)-4-fluorophenylalanine 

(171) N-(3-chlorobenzenesiilfonyl)-(L)-thiaprolyl-(L)^4- 473.3 
fluorophenylaianine 

(172) N-(4-bromo-5-chloro^2-thiophenesulfonyl)-(L)- ' 540.9 
prolyl-(L)-4-flaorophenylalamne 

(173) N-(4,5-dichloro-2-thiophenesulfonylKL)-prolyl- 513.0 
(L)-4-fluoropheiiylalanine 

(174) N-(3,5-dichloroben2eiiesulfonyl)-(L)-thiaprolyl- 756.7 
(L)-3,5-diiodotyrosine 

(175) N-(5-benzoylammoinethyl-2-thiophenesiilfonyl)r 560,1 
(L)-prolyl-(L)-4-fluorophenylalanine 

(176) N-(3^chiorobenzeneSUlfonyl)-(L)-prolyl-(L)-0-te^ 509.3 
butyl-tyrosine 

(177) N-(5-ben2enesiilfonyl-2-thiopheiiesulfonyl)-(L)- 567.0 
prolyl-(L)-4-£luorophenylalamne 

(178) N-(3-bromo-5-chloro-2-thiophenesulfonyl)-(L)- 540.9 
prolyl-(L)-4-£luorophenylalanine 

(179) N-(3-chloroben2enesulfonyI)-(L)-3,4- 451^ 
dehydroprolyl-(L)-tyrosine 

(180) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 485.3 
homophenylalanine 

-46- 



wo 98/53814 

(181) 
(182) 

(183) 
(184) 
(185) 
(186) 
(187) 
(188) 
(189) 

(190) 

(191) 
(192) 
(193) 
(194) 
(195) 




PCT/US98/10940 



N-(4-behzenesulfonyl-2-thiophenesulfonyl)-(L)- 621.1 
prolyKD-O-tert-butyl-tyrosine 

N-(5-benzoylaminomethyl-2-thiophenesulfonyl)- 614.2 
(L)-prolyl-(L)-0-tert-butyl-tyrosine 

N-(trans-2-phenyl-ethylene-sulfonyl)-(L)-prolyl- 501.3 
(L)-0-tert-butyl-tyrosme 

N-(5-benzenesulfonyl-2-thioplienesulfonyl)-(L)- 621.1 
prolyKL)-0-tert-butyl-tyrosine 

N-(3-fluorobenzenesulfonyl)-(L)-thiaprolyl-(L)-0- 511.2 
tert-butyl-tyrosine 

N-(ben2ylsxilfonylML)-prolyl-(L)-0-tert-bu 489.3 
tyrosine 

N-(3,5-dichlorobenziBnesulfonyl)-(L)-prolyl-(L)- 426.2 
cysteine, ainide 

N-(l-methyl-4-iimdazolylstdfonyl)-0^^ 479.1 
O-tert-bufyl-tyrosine » * 

N-(4-(N-<4-dimethylaminophenyl)diazo)- 622.0 
benzenesiilfonyl)-(L)-prolyI-(L)-0-tert-butyl- 
tyrosine 

N-(5-(4-trifluoromethylbenzenesulfonyl)-2- 690.2 

tMophenesulfonyl)-(L)-prolyl-(L)-0-tert-butyl- 

tyrosine 

N-(3-bromobenzenesulfonyl)-(L)-prolyl-(L)-0-tert- 553.2 
biityl-tyrosine 

N-(4rmethylsulfonyl-benzenesulfoiiyl)-(L)-prolyl- 499.2 
(L)-4-fluorophenylalanine .. ' 

N-(4-inetho^benzenesulfonyl)-(L)-prolyKL)-0- 505.2 
tert-butyl-tyrosine 

N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-prolyl- 495.0 
(L)-3-fluorophenylalanine 

N-(5-chloro-2-thiopbenesulfonyl)-(L)-prolyl-(L)-4- 461.1 
fluorophenylalanine 
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(196) 


N-(3-chlorobenzenesiilfonyi)-(L)-thiaprolyl-(L)- 
tyrosine 


471.0 


(197). 


N-(3,5-dichlorobeiizenesulfonyl)-(L)-2(S)- 
methylprolyl-(L)-0-tert-butyl-tyrosme 


558.6 


(198) 


N-(l(R)-(+)-10-camphorsulfonyl)-(L)-prolyl-(L)-O- 
terfc-butyl-tyrosine 


• 549.3 


(199) 


N-(l(S)-(+)-10-cainphorsulfonyl)-(L)-prolyl-(L)-O- 
tert-butyl-tyrosine 


549.3 


(200) 


N-(3,4-methylenedio:7-phenylacefyI)-(L)-prolyl- 
(L)-0-tert-butyl-tyrosine 


497.2 


(201) 


N-(3-chlorobexizenesulfonyl)-(L)-4(R)- 
hydro3^rolyl-(L)^tyrosine-0-sulfate 


551.0 


(202) 


■ N-(3-chlorobenzenesulfonyl)-(L)-thiaprolyl-(L)- 
iyrosine-O-suIfate 


553.7 


(203) 


N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 
cysteine 


427.2 

• 


(204) 


N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-N- 
methyl-isoleucine 


451.2 


(205) 


N-(3,5-dichlorobenzenesialfonyl)-(L)-4(R)- 
aimnoprolyl-(L)-0-tert-butyl-tyrosine 


558.3 


(206) 


N-(3-chloroben2enesulfonyl)-(L)-4(R)- 
aminoprolyl-(L)-0-tert-butyl-tyrosine 


524.4 


(207) 


N-(3-cyanobenzenesulfonyl)-(L)-prolyl-(L)- 


444.3 




tyrosine 




(208) 


N-benzenesulfonyHD-prolyKD-O-tert-butyl- 
tjrrosine 


475.5 


(209) 


N-(4-methylsulfonylben2enesulfonyl)-(L)-prolyl- 
(L)-0-teit-bu1yl-t3nrosme 


553.2 


(210) 


N-(4,5-dichloro-2-thiophenesxilfonyl)-(L)-4(R)- 
axninoprolyl-(L)-0-tert-butyI-tyrosine 


564.3 


(211) 


N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-4(R)- 
aminoprolyl-(D-4-fluorophenylalanine 


510.1 
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(212) N-(9-fluorenylmethylo3grcarbonyl)-(L)-prolyl-(L)- 485 
phenylalanine 

(213) N-(benzenesiilfonyl)-(L)-prolyl-(L)-phenylalaxiine 403 

(214) N-(n-octyl-l-sulfonyl)-(L)-prolyKL)- 418 
phenylalaniniB 

(215) N-(3-£luoroben2enesuIfonyI)-(L)-5(R)-phenyl- 515 
prolyl-(L)-4-fluorophenylalanine 

(216) N-(3,5-dichlorobenzenesuIfonyl)-(L)-3(R)-phenyI- 582 
prolyl-(L)-4-iodophenylalaiiine 

(217) N-(3,5-diclilorobenzenesulfonyl)-l,2,3,4- 568 
tetrahydro isoqxiinoline-l-carbonyl-(L)-4- 
fluorophenylalanine 

(218) N-(3,5-dichlorobenzenesulfonyl)-l,3-dihydro 554 
isoindolyl-l-carbonyKL)-4-fluorophenylalanine 

(219) N-(4-(fluorescien-4-carbonylaiaino)benzene 879.2 
sulfonyl)-(L)-prolyl-(L)-0-tert-butyl-tyrosine 

(220) N-<3-ethoxycarbonyl-benzenesiilfonyl)-(L)-prolyl- 547 J2 
(L)-O-tert-butyl-tyrosine 

(221) N-(4-iodoben2enesiilfonyl)-(L)-prolyHL)-4- 633.0 
benzoyl-phenylalanine 

(222) N-(3-(4-benzophenonyl-carbonylamino)- 698,2 
benzenesulfonyl)-(L)-prolyl-(L)-0-tert-butyI- 
t5rrosine 

(223) N-(3-(6-(biotinylamino)-n-hexanoyl)- 829.4 

aminobenzenesulfonyl)-(L)-prolyl-(L)-0-tert- 
butyl-tyrosine 

(224) N-(3,5-dichlorobenzenesiilfonyl)-[3.1.0].3- 518 
azabicyclohexane-2-carbonyl-(L)-4- 
fluorophenylalanine 

* m/e: (M + 1 (H^)* or (M + 18 (NH/))* 

EXAMPLE 225 
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N-(3,5-DichlorQben2enesulfonvnWLVprQlvl-a .)^3>f2>napht^^^ 

Step A: (L) -3-(2>Naphthvl)a]anine- tert>butvl ester, hydrochloride. 

To a solution of N-Boc-2-naphthylalanine (1.0 g, 3.17 
mmol) in a mixture of methylene chloride (7 mL) and cyclohexane (14 
mL) were added t-butyl trichloroacetiinidate (0.60 mL, 3.35 mmol) 
and boron trifluoride-etherate (60 jiL, 0.473 mmol). The reaction 
mixture was stirred for 5 hours at room temperature under a 
nitrogen atmosphere and then treated a second time with the same 
amoimts of t-butyl trichloroacetimidate and boron trifluoride-etherate 
as above. After stirring overnight, the mixture was filtered and the 
filtrate evaporated. The product was obtcdned pure by silica gel 
chromatography eluting with 10% diethyl ether in hexane; yield 843 
mg. The product was treated with IM HCl in ethyl acetate (11.5 mL) 
for 18 hours at room temperature. The mixture was evaporated and 
cbevaporated several times vritk diethyl ether to afford the title 
compound; yield 670 mg. 

400 MHz iH NMR (CD3OD): 5 1.38 (s, 9H); 3.29-3.46 (m, 2H); 4.28 (t, 
IH); 7.40-7.90 (m, 7H). 

Step B: N-fBenzvl oxvcarbonvl)-(LVproIvl-(L)-a.f2- 
naphthvDalanine. tert-butvl ester. 

To a solution of N-(benzylo^carbonyl)-^proline (536 mg, 
2.15 mmol) in methylene chloride (25 mL) were added 1- 
hydroxybenzotriazole (434 mg, 3.21 mmol), N-methylmorpholine 
(0.353 mL, 3.21 rmnol), and (L)-2-naphthylalanine tert-butyl ester 
hydrochloride (660 mg, 2.14 mmol). After cooling in an ice-bath for 5 
minutes, l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (EDC) (493 mg, 2.57 mmol) was added. After 15 
minutes, the cooling bath ,was removed and the mixture stirred 
overnight under a nitrogen atmosphere. The mixture was diluted 
with methylene chloride, washed with water, 2N HCl, saturated 
NaHC03 solution, saturated brine solution, dried (anhydrous 
magnesium sulfate), and evaporated. Silica gel chromatography 
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eluting with 30% ethyl acetate in hexane afforded pure title 
compound; yield 877 mg (81%). 

Step C: (L)-Prolvl- fL)-3-(2-naphthvnalaninc. tfirf-hnty l «.«f^T-, 
A solution of £i-(benzyloxycarbonyl)-(L!)-prolyI-(li)-2- 
naphthylalanine tert-butyl ester (870 mg, 1.73 mmol) in methanol (30 
mL) was hydrogenated under an atmosphere of hydrogen gas in the 
presence of 10% palladium-on-charcoal (75 mg) until complete 
disappearance of starting material (several hours) as indicated by 
TLC (30% ethyl acetate in hexane). The catalyst was removed by 
filtration through Celite, the filter washed with methanol, and the 
combined filtrate and washings evaporated to afford an oil that 
crystallized upon stemding; yield 604 mg (95%). 
400 MHz iH NMR (CJDsOD): 5 1.40 (s, &H); 2.00 (m, IH); 2.79 (m, 2H); 
3.16 (dd, IH); 3.58 (dd, IH); 4.67 (dd, IH); 7.32-7.81 (m, 7H). 

Step D: N-(3.5-Dichlorobenzen esulfonvnV(L)-prolvT-rr.Uq-r9>- 
naphthvDalanine. tert-butvl egtar. 

To a solution of (Ii)-prolyl-(L)-2-naphthylalanine tert-butyl 
ester (400 mg, 1.09 mmol) in methylene chloride (10 mL) were added 
£i,H-diisopropylethylamine (470 nL, 2.70 mmol), 4- 
dimethylaminopyridine (13 mg, 0.106 mmol), and 3,5- 
dichlorobenzenesulfonyl) chloride (320 mg, 1.30 mmol). The reaction 
mixture was stirred for 2 hours at room temperature, diluted with 
methylene chloride, washed with water, 2M HCl, satiurated NaHCOs 
solution, saturated brine solution, dried (Anhydrous magnesium 
siilfate), and evaporated. Pure title compound was obtained by silica 
gel chromatography eluting with 20% ethyl acetate in hexane; yield 
501mg(80%). 

400 MHz iH NMR (CD3OD): 5 1.40 (s, 9H); 1.53-1.89 (m, 4H); 3.20-3.45 
(m, 4H); 4.20 (dd, IH); 4.69 (dd, IH); 7.40-7.80 (m, lOH). 
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StepE: N-(3.5^Dichlorobenzfine 8ulfonvnVfL)-Drolvl-(LV3- (2- 
naphthvDalanine. 

(224)A cooled solution of H-(3,5-dichlorobenzenesulfonyl))-(L)-prolyl- 
(L)-2-naphthylalanine tert-butyl ester (497 mg, 0.861 mmol) in 
5 methylene chloride (25 mL) was treated with trifluoroacetic acid 

(3.5 mL, 0.045 mol). The cooling bath was removed, and the 
mixture was stirred until TLC (25% ethyl acetate in hexane) 
indicated complete disappearance of starting material. The 
reaction mixture was then evaporated, coevaporated with 
10 methylene chloride (3X), toluene (2X), and finally methanol. The 
product was dried under high vacuum; yield 445 mg (99%). 
MS: m/e 521 (M); 537 (M + NH3) 

400 MHz iH NMR (CJD3OD): 5 1.51-1.87 (m, 4H); 3.19-3.46 (m, 4H); 4.20 
(dd, IH); 4.80 (dd, IH); 7.39-7.82 (m, lOH). 

15 

The following compounds were prepared by the 
procedures described in Example 225 using the appropriate amino 
acid derivatives and acyl or sulfonyl chloride or aOsyl or aryl 
isocyanate: 

20 



Ex. 


Compotmd Name 


MS 


(226) 


N-f4-(N'-2-toluylureido)phenylacetyl-(L)-prolyl- 


495 




(L)-horleiicine 




(227) 


N-(3,4-dimetho3grbenzoyl)-(L)-prolyl-(L)- 


393 




norleucine 




(228) 


N-(3,4-dimethoxybenzenesulfonyl))-(L)-pipecolyl- 


516 




(L)-tr3rptophan 




(229) 


N-(4-nitrobenzenesulfonyl))-(L)-prolyl-(L)- 


414 




norleucine 




(230) 


N-[3,5-di(trifluorometihiyl)benzenesulfonyl)]-(L)- 


505 




prolyKD-norleucine 
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(231) N-(3,5-dichlorobenzenesiilfonyl))-(L)-prolyHL> 437 
norleucine 

(232) N-(3-trifluoroinethylbenzenesulfonyl))-(L)-prolyl- 437 
(L)-norleucine 

(233) N-(4-(benzoylainino)benzenesulfonyl))-(L)-prolyl- 488 
(L)-norleucine 

(234) N-(4-metho3cy-3,5-dinitrobenzenesxilfonyl)-(L)- 488 
prolyKD-norleucine 

(235) N-(3-chlorobenzenesulfonyl))-(L)-proIyl-(L)- 402 
norleucine 

(236) N-(3-trifluoromethylbenzenesxilfonyl))-(L)-prolyI- 521 
(L)-3-(2-naphthyl)alanine 

(237) N-(3-mtrobenzenesulfonyl))-(L)-prolyl-(L)- 414 
norleucine 

(238) N-(3-<gran6benzenesulfonyl))-(L)-prolyl-(L)- 394 
norleucine 

(239) N-(3,5-dichlorobenzenesulfonyl))-(L)-prolyl-(L)- 510 
tryptophan 

(240) N-(3-inethylben2enesulfonyl))-(L)-prolyl-(L)- 383 
norleucine 

(241) N-(3,5-dichlorobenzenesulfonyl))-(L)-3(S)-methyl- 535 
prolyl-(L)-3-(2-naphthyl)alanine 

(242) N-(3-chlorobenzenesulfonyi)-(L)-prolyl-ai)-3-(2- 488 
naphthyDalanine 

(243) N-(3-fluorobenzenesulfonyl))-(L)-prolyl-(L)-3-(2- 471 
naphthyDalanine 

(244) N-phenylacetyKL)-prolyl-(L)-3-(2- 431 
naphthyDalanine 

(245) N-(3-phenylpropionyl)-(L)-prolyl-(L)-3-(2- 445 
naphthyDalanine 

(246) N-(phenylaminocarbonyl)-(L)-prolyl-(L)-3-(2- 432 
naphthyDalanine 
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(247) N-(3,5-dichlorobenzenesulfonyl))-(L)-2-methyl- 535 
prolyl-(L)-3-(2-naphthyl)-alamne 

(248) N-(beiizenesulfonyl)-(L)-prolyl-(L)-3-(2- 453 
naphthyDalanine 

(249) N-(4-N'-phenylureidobenzenesulfonyl)-(L)-prolyl- SSJ 
(L)-3-(2-naphthyl)alamne 

(250) N-(3-fluorobenzenesulfonyl)-(L)-5,5-dimethyl- 499 
prolyl-(L)-3-(2-naphthyl)alanine 

(251) N-(4-N'-(2-toluyl)ureidobenzenesuIfonyl)-(L)- 601 
prolyHL)-3-(2-napbthyl)alanine 

(252) N-(d-fluorobeiizenesu]fonyl)-(L)-prolyl-(L)-4- 547 
iodophenylalanine 

(253) N-(4-N'-ben2yltireidobeiizenesulfonyl)-(L)-prolyl- 601, 
(L)-3-(2rnaphthyl)alamne 

(254) N-(phenyloxalyl)-(L)-prolyl-(L)-3-(2- 445 
naphthyDalanine 

(255) N-(bens5ylaminocarbonyl)-(L)-prolyl-(L)-3-(2- 445 
naphthyDalanine 

(256) N-(3-fluoroben2enesulfonyD-(L)-2(S)-methyl- 470 
prolyl-(L)-4-fluorophenylalanine 

(257) N-(3,5-dichlorobenzenesulfonyD-(L)-2(S)-methyl- 520 
prolyi-(L)-4-fluorophenylalanine 

(258) N-(3,5-dichlorobenzenesulfonyD-(L)-prolyl-(L)- 565 
phenylalaninaiaide-N-methylsulfon£unide 

(259) N-(3,5-dichlorobenzenesulfonyD-(L)-2(S)-methyl- 628 
prolyKL)-4-iodophenylalanine 

(260) N-(3-fiuorobenzenesulfonyD-(L)-prolyl-(L)- 261** 
phenylalanine 

(261) N-(3,5-dichlbroben2enesulfonyl)-(L)-5- 520 
methylprolyI-(L)-4-fluorophenylalanine 

(262) N-(3,5-dichlorobenzenesulfonyl)-3- 568 
phenylazetidinylcarbonyI-(L)-4- 
fluorophenylalanine 
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(263) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S}- 529 
all3riprolyl-(L)-4-fluorophenylalamne 

(264) N-(3,5-dichloroben2;enesulfonyl)-(L)-2(S)-methyl- 
prolyl-(L)-phenylalanine 

(265) N-(3-trifluoromethylbenzenesulfonyl)-(L)-2(S)- 530 
methyl-prolyHL)-4-mta:o-phenylalamne 

(266) N-(3,5-dichloroben2enesulfonyl)-(L)-3(R)-methyl- 502^ 
prolyl-tL)-4-fluorophenylalanine 

(267) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-meithyl- 509 
prolyl-(L)-4-cyanophenylalanine 

(268) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl- 545 
prolyl-(L)-4-(aniinocarbonyl)-phenylalamne 

(i269) N-(3,5-didilorobeiizenesulfonyl)-(L)-3(R)-methyl- 631.4 
prolyl-(L)-4-<N-t-buto:^carbonylaminomethyl)- 
phenylalanine 

(270) N-(3,5-dichloroberizenesulfonyl)-(L)-3{R)-methyl- 514.3 

prolyl-(L)-4-(aminomethyl)-phenylalanine 

* m/e: (M + 1 (H*))* or (M + 18 (NIJ,*))* 
** (M - 159: N/SOjjAr cleavage) 

EXAMPLE 271 

N-(3-Trifluoromethvlphenvlsulfonvl)- fL)- 2fSVmethvl-prolvl-(L)-4- 
acet^flmi nophenylalanine. 

Step A: N-(3-triflnoromethvlp henvlsulfonvl)-(L)- 2(S)-methvl-prolvl- 
(LVa-aiTi inophenYlalanine. methyl ester . 

To a solution of N-(3-trifluoromethylphenylsvilfonyl)-(L)- 
2(S)-methyl-prolyl-(L)-4-mtrophenylalanine, methyl ester (0.45 g, 0.85 
mmol; prepared according to the methodology described in Exsimple 225) 
in methanol (40 mL) was added 10% palladixim on carbon catalyst (50 
mg) and th resulting black suspension was stirred xmder 1 atm of 
hydrogen for 45 min. The reaction mixture was filtered (Whatman 
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syringless filter device) and rotoevaporated under high vacuum to an off- 
white soKd (0.42 g, 99% yield) which was used in the following step 
without further purification. 

*H-NMR (400 MHz, CDCI3): 6 8.12 (s, IH), 8.05 (d, IH, J = 7.8 Hz), 
5 7.81 (d, IH, J = 7.7 Hz), 7.64 (t, IH, J = -7.9 Hz), 7.03 (d, IH, J = 7.6 Hz), 
6.97 (d, 2H, J = 8.4 Hz), 6.73 (d, 2H, J = 8.4), 4.76 (m, IH), 3.75 (s, 3H), 3.48 
(m, IH), 3.28 (m, IH), 3.14 (dd, IH, J = 14.2, 5.4 Hz), 2.98 (dd, IH, J = 14.2, 
6.9 Hz), 2.29 (m, IH), 1.78 (m, IH), 1.62 (m, 2H), 1.57 (s, 3H). 

10 StepB: N-O-trifluoromethvlphenvlsulfonvl ) -fL)- 2(S)-niethvl-prolv1- 
(L)-4-acetaTninophenvlalamne. m ethvl eater 

To a solution of N-(3-trifluoromethylphenylsulfonyl)-(L)- 
2(S)-methyl-prolyl-(L)-4-aimnophenylalanine, methyl ester (42 mg, 0.082 
mmol) in diy dichloromethane (0.5 mL) at 0 'C, was added successively 

15 2,6-lutidine (0.03 mL, 0.25 mmol; 3.0 equiv), acetyl chloride (0.01 mL, 
0.125 mmol; 1.5 equiv), and 4-dimethylaminopyridine (10 mg, 0.082' 
mmol; 1.0 equiv). The yellow reaction mixture was stirred overnight. 
After this time, 1.0 N hydrochloric acid was added followed by extraction 
with ethyl acetate (3x), The combined organic layer was successively 

20 washed with saturated sodivun bicarbonate solution and saturated salt 
solution and dried over anhydrous magnesium sulfate. The mixture 
was filtered and concentrated to furnish an orange-yellow oil (46 mg, 
100% crude yield) which was purified by preparative thin layer 
chromatography (80% ethyl acetate, 20% h^canes). Yield: 39 mg (85%). " 

25 'H-NMR(400MHz,CDCl3):6 8.11(s,lH),8.04(d,lH,J = 8.0Hz), 

7.82 (d, IH, J = 7.7 Hz), 7.64 (t, IH, J = -7.9 Hz), 7.41 (d, IH, J = 8.4 Hz), 
7.25 (s, IH), 7.09 (d, 2H, J = 8.4 Hz), 7.07 (d, IH, J = -8.0 Hz), 4.80 (m, IH), 
3.75 (s, 3H), 3.49 (m, IH), 3.24 (m, 2H), 3.04 (dd, IH, J =-14.0, -7.0 Hz), 
2.29 (m, IH), 2.13 (s, 3H), 1.75 (m, IH), 1.61 (m, 2H), 1.57 (s, 3H). 

30 

Step C: N-(3-trifluoromethvlpb envlsulfnnvl)-(L)- 2(S)-inethvl-prolvl- 
(L)-4-acetaminop henvIalamne. 
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To a solution of N-(3-trifluoromethyl)-2(S)-methyl-prolyl-4- 
acetamino-(S)-phenylalamne, methyl ester (33 mg, 0.059 mmol) in 
ethanol (1.0 mL) was added 0.2 N sodium hydroxide solution (0.60 mL, 
0.12 nunol; 2.0 equiv). The reaction mixture was stirred overnight (15 h) 
5 and then acidified with 1.0 N hydrochloric add and extracted with ethyl 
acetate (3x). The combined organic layer was washed with saturated 
salt solution, dried over anhydrous magnesium sulfate, and 
rotoevaporated to yield an oflF-white solid (31 mg, 97% jdeld). 
MS: m/e 542 (M+H*); 559 (M+NH^^). 
10 'H-NMR (400 MHz, CD3OD): 5 8.08 (m, 2H), 7.95 (d, IH, J = 7.7 Hz), 

7.76 (t, IH, J = -7.9 Hz), 7.48 (m, 3H), 7.18 (d, 2H, J = 8.4), 4.69 (m, IH), 
3.43 (m, IH), 3.32 (m, 2H), 3.05 (dd, IH, J = -14.0, -7.0 Hz), 2.12 (m, IH), 
2.08 (s,3H), 1.71 (m,3H), 1.56 (s,3H). > 

15 The following compK>unds were prepared by the 

procedures described in Example 271 using the acyl or sulfonyl 
chloride or all^rl or aiyl isocyanate: 

Ex. Compound Name MS 

(272) N-(3-trifluoromethylphenylsiilfonyl)-(L)-2(S)- 633 
methyl-prolyl-(L)-4-(N'-(2- 
toluyl)ureido)phenylalanine. 

(273) N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)- 718 
methyl-prolyl-(L)-4-(N'-(4'- 
fluorophenylsulfonyl)ureido)phenylalamne. 

(274) N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)- 572 
inethyl-prolyl-(L)-4- 

(ethoxycarbonyl)aminophenylalanine. 

(275) N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)- 766 
methyl-prolyl-(L)-4-(4'-(N'-(2- 
toluyl)ureido)pheiiylacetyl)aminophenylalamne. 
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(276) N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)- 658 
methyl-prolyl-(L)-4-(4'- 

fluorophenylsulfonyDaminophenylalanine. 

(277) N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)- 618 
niethyl-prolyl-(L)-4- 

(phenylacetyDaminophenylalanine. 

(278) N-(3-trifluoromethylphenylsulfonylKL)-2(S)- 622 
inethyl-prolyl-(L)-4-(4- 
fluorobenzoyDaminophenylalanine. 

(279) N-(3-trifluoromethylphenylsuIfonyl)-(L)-2(S)- 600 
inethyl-prolyl-(L)-4- 

(isobutylosQrcarbonyDaminophenylalanine. 

(280) N-(3-trifluoromethylphenylsuIfonyI)-(L>-2(S)- 578 
methyI-prolyl-(L)-4- 

methylsulfonylaxninoplienylalanine. 

(281) N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)- 637 
methyl-prolyl-(L)-4-(N'-(4- 
fluorophenyl)ureido)phenylalanine. 

(282) N-(3-trifluorometiiylben2enesulfonyl)-(L)-2(S)- 621 
methyl-prolyl-(L)-4-(N-(l,l-dioxo-l,2- 
isothiazolidinyD-phenylalanine 

(283) N-(3-trifluoromethylphenylsulfonyI)-(L)-2(S)- 585 
methyl-prolyl-(L)-4-(N'-(4-(2-oxo-l-pyrrolidinyl)- 
phenylalaziine. 

♦m/e: (M+ 1 (H*))*or(M+ 18 (NH^*))* 

EXAMPT.Pl 9SU 

N-(3.5-dichorobenzftn esulfonvlV("L)-prolvl-fT,)-4-a'- 
fluorobenzovDphen vlalanine 

Step A: 4-Iodo-(L)-PhenvlalaTiine. tert-hn tvl eater hydrochlnriHfi, 
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To a suspension of |i-Boc-4-iodo-(D-phenylalanine (1.0 g, 2.56 
mmol) in methylene chloride (7 mL) and cyclohexane (14 mL) were 
added t-butyl trichloroacetimidate (0.48 mL, 2.68 mmol) and boron 
trifluoride-etherate (48 fxL). The reaction mixture was stirred fpr 5 hours 
5 at room temperature imder a nitrogen atmosphere and then treated a 
second time with the same amounts of t-butyl trichloroacetimidate and 
boron trifluoride-etherate as above. After stirring overnight, a third 
addition was made, and the mixture was stirred a further 3 hotirs. The 
mixtvire was then filtered and the filtrate evaporated. The product was 

10 obtained pure by silica gel chromatography eluting with 10% diethyl 

ether in hexane; yield 650 mg. The product was treated with IM HCl in 
ethyl acetate (7.3 mL) for 18 hours at room temperature. The mixture 
was evaporated and coevaporated several times with diethyl ether to 
afford the title compound; yield 522 mg. 

15 400 MHz iH NMR (CJD3OD): 5 1.42 (s, 9H); 3.13 (d. 2H); 4.18 (t, IH); 7.09 
(d, 2H); 7.75 (d, 2H). 

StepB: N>f3.5-Dichlorobenzen esulfonvlWL)-proline 

To a mixtiure of (D-proline methyl ester hydrochloride (838 

20 mg, 5.06 mmol) in methylene chloride (25 mL) at O^'C were added N,N- 
diisopropylethylamine (2.64 mL, 15.2 mmol) and a solution of 3,5- 
dichlorobenzenesulfonyl chloride (1.49 g, 6.07 mmol) in methylene 
chloride (5 mL). The cooling bath was removed, and the mixture was 
stirred overnight at room temperature. It was then diluted with 

25 methylene chloride, washed with 1£I hydrochloric acid, saturated 
NaHCOs, saturated brine solution, dried over anhydrous soditun 
sulfate, and evaporated. The methyl ester was obtained pure by silica gel 
chromatography eluting with 10% acetone in hexane; yield 1.49 g. It 
was then taken up in ethanol (50 mL) and treated with 0.2 N sodium 

30 hydroxide (26.6 mL) for 1.5 hoxirs at room temperature. The mixture 

was acidified with glacial acetic acid, concentrated, the residue taken up 
in methylene chloride, washed with wat r, saturated brine solution, 
dried (Na2S04), and evaporated to give the title compound; yield 1.4 g. 
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400 MHz iH NMR (CD3OD): 6 1.80-2.15 (m, 4H); 3.35-4.45 (m, 2H); 4.30 
(dd, IH); 7.76 (m, IH); 7.83 (m, 2H). ' 

StepC: N-(3.5-Di chlorobfingenesulfonvl)-(L,)-prolvl-fT.>-4- 
5 iodophenvlalanine. tert-butvl eatflr 

To a solution of N-(3,5-dichlorobenzenestilfonyl)-(L)-proline 
(386 mg, 1.19 xnmol) in methylene chloride (23 mL) were added 1- 
hydrozybenzotriazole (241 mg, 1.79 mmol), M-methylmorpholine (0.33 
mL, 2.98 mmol), and 4-iodo-(L)-phenylalanine tert-biityl ester 

10 hydrochloride (458 mg, 1.19 mmol). After cooling in an ice-bath for 5 

minutes, l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
(EDO (274 mg, 1.43 mmol) was added/ After 15 minutes, the cooling 
bath was removed, and the mixture was stirred overnight under a 
nitrogen atmosphere. The mixture was diluted with methylene 

15 chloride, washed with water, IH. HCl, satmrated NaHCOs solution, 
saturated brine solution, dried (Anhydrous magnesium sulfate), and 
evaporated. Silica gel chromatography eluting with 20% ethyl acetate in 
hexane afforded pure title compound; yield 651 mg (84%). 
MS: m/e 653 (M + 1) 
20 400 MHz iH NMR (CD3OD): 6 1.45 (s, 9H); 1.65-1.85 (m, 4H); 3.0 (dd, IH); 
3.13 (dd, IH); 3.45 (m, IH); 4.20 (m, IH); 4.55 (dd, IH); 7.05 (d, 2H); 7.64 (d, 
2H); 7.80 (s, 3H). 

StepD: N-(3.5-dichlorobfinz enesulfonvl)-(L)-prolvl-(L)-4-r4'- 
25 fluorobenzoyDphenvlfllnninA, tert-butvl eatfir 

A solution of N-(3,5-dichlorobenzenesvdfonyl)-(L)-prolyl-4- 
iodo-(L)- phenylalanine tert-butyl esterClOO mg, 0.15 mmol), 4- 
fiuorohenzeneboronic add (23 mg, 0.16 mmol), potassium carbonate(62 
mg, 0.45 mmol), bis(triphenylphosphine)-palladium(II) chloride (4 mg, 
30 0.0057 mmol) in anisole(4 ml) was flushed with nitrogen, then flushed 
with CO, and a balloon of CO was attached. The solution was then 
stirred at 80°C for 5 hom-s on a timer overnight. The following day the 
solution was diluted with methylene chloride, washed once with water, 
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once with brine, dried over Anhydrous magnesium sulfate, and solvent 
removed in vacuo. The desired product was obtained by silica gel 
chromatography eluting with methylene chloride, followed by 10% ethyl 
acetate in methylene chloride; yield 70 mg (72%) 
5 MS: m/e 666.2 (M+H+NH3) 

400 MHz *H NMR (CD3OD): 8 1.46(s,9H); 1.65-1.95(m,4H); 3.05-3.15 
(dd,lH); 3.47(m,lH); 4.2(dd,lH); 4.65(m,lH); 7.20(t,2H); 7.45(d,2H); 
7.70(d,2H);7.76-7.85(m,5H) 

10 Step E: N-(3.5-dichorobenzenesul^onvl)-(L)-prolvl-(L)-4-r4'- 
fluorobenzovl)phenvlftlfln^T.A 

A solution of N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)- 
4-(4-fluorobenzoyl)phenylalanine, tert-butyl ester (23 mg, 0.035 mmol) in 
methylene chloride(1.2 mL) was cooled in ice bath. Trifiuoroacetic acid 

15 (0.167 mL, 2.17 mmol) was then added, and ice bath was removed and 
reaction mixture was allowed to stir overnight at room temperature. 
The reaction mixture Was tiien evaporated, coevapprated with methylene 
chloride(2X), toluene(2X^, and methanol(2X). The product was obtained 
pure by eluting with 20% ethyl acetate in methylene chloride, followed by 

20 8% methanol in methylene chloride; 3rield 19 mg(91%) 
MS: m/e 609.8(M+H+NH3) 

400 Mhz NMR (CD3OD): 5 1.6-1.95(m,4H): 3.1-3.45(m,4H): 4.17 (dd,lH): 
4.55(m,lH): 7.2(t,2H): 7.4(d,2H): 7.66(d,2H): 7.78-7.85(m,5H) 

25 The following compounds were prepared by the 

procedures described in Example 284 using the appropriate 
aiylboronic acid derivative in Step D: 

Ex. • Compovmd Name MS * 

(285) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4'- 604.8 
(2-metho^ben2oyl)phenylalanine 
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(286) N-(3,5-dichorobenzenesuIfonyl)-(L)-2(S)-methyl- 624 

prolyl-(L)-4-(4'-fluorobenzoyl)phenylalamne 
* m/e: (M + 1 (H*))* or (M + 18 (NH^^f 

EXAMPLE 2ft7 

N-(3.g-^chlproben7!enesulfonvlUL)-Drolvl-fT.'>-4- r 4-fliinrnhA7^ ^1>pl.or,Y? 
alanine 

Step A: N-(3.5-dichlorobenzeTi esulfonvlWT,)-prolv]-a,^-^- 

(4-flwpro-a-hYdroxvbenzvnphenvlalaninft, t ert-hwtv^ 
A solution of N-(3,5-dichorobenzenesulfonyl)-(L)-prolyl-(l5-4- 
(4'^fluorobenzoyl)phenylalanine (38 mg) in methanol (5 mL) was cooled 
toO'C. Sodium borohydride (3 mg) was added. After stirring for 20 min, 
the solvent was removed by rotoevaporation and the residue dissolved ii 
dichloromethane (30 mL). The solution was successively washed with 
water and saturated salt solution and dried over anhydrous magnesium 
sulfate. The mixture was filtered and the solvent was removed by 
rotoevaporation. The title compound (38 mg) was recovered and used 
with no further purification in the subsequent reaction. 

Step B: N-(3,fi-Hin hlorobeng;enesulfonvl)-(L)-prn1vl-fL)-4- 
(4-fluoro benzvl)phenvlalanine 

A solution of N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4- 
(4-fluorophenyl-hydroxymethyl)phenylalanine, tert-butyl ester (38 mg) 
and triethylsilane (21 \lL) in anhydrous dichloromethane was flushed 
with diy nitrogen for five minutes. The solution was then cooled in an 
ice bath and boron trifluoride etherate (16 uL) was added. After stirring 
for 3 hours, methanol (1 mL) was added and the solvent was removed by 
rotoevaporation. The residue was dissolved in ethyl acetate and the 
solution successively washed with saturated sodium bicarbonate 
solution and saturated salt solution and then dried over anhydrous 
magnesium sulfate. After the mixture was filtered, the solvent was 
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removed by rotoevaporation. The residue was purified by flash column 
chromatography on silica gel eluted with 97.75% dichloromethante, 2% 
methanol and 0.25% acetic acid to yield the titie compound (14 mg). 
M/S: m/e = 597.2 (M + NH4). 

m NMR (400 MHz, CD3OD): 6 1.5-1.7 (m, 2H), 1.75-1.82 (m, 2H), 2.95-3.05 
(m, IH), 3.2-3.4 (m, 3H), 3.88 (s, 2H), 4.1-4.2 (m, 1 H), 4.6-4.7 (m, IH), 6.90 
(t, J= 9, 2H), 7.1-7.22 (m, 6H), 7.72 (s, 2H), 7.76 (s, IH). 

The foUowing compounds were prepared by the 
procedures described in Example 287: 

Ex. Compound Name MS * 

(288) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4- 608.3 
(2-metho^benzyl)phenylalaxune 
* m/e: (M + 1 (H*))* or (M + 18 (Nil,*))* 

EXAMPLE 289 

N-(3.5^Dichlorobenzenesulfonvl ULVprolvl-(t.)-4-(2-iiitropheno3gv>- 

pheAyHc^toing 

Step A: N-Boc-4-(2-nitrophe noxv)-(L)-ph envlalaniT ie. methvl estfir 
To a solution of N-Boc-(L)-tyrosine, methyl ester (500 mg) 
and potassium carbonate (467 mg) in dimethylformamide (5 mL) was 
added dropwise l-fluoro-2-nitrobenzene (189 uL). The yellow solution 
was stirred for 3 days at room temperature. The mixture was diluted 
with ether which was subsequently washed witii IN hydrochloric acid, 
water, saturated salt solution and dried over anhydrous magnesium 
sulfate. After filtration, the solvent was removed by rotoevaporation to 
yield the title compound (700 mg) which was used in the subsequent 
reaction without further purification. 
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NMR (400 MHz, CD3OD): 5 1.38 (s, 9H), 3.85-3.15 (m, 2 H), 4.3-4.4(m, 
IH), 6.95.7.1 (m, 3H), 7.24.7.3(121, 3H), 7.55-7.61 (t, IH), 7.97-7.97(m, IH). 

Step B: 4-(2-nitrophenQxvWL).phfinv^?lfln me. methvl ester 
hydrochloride 

N-Boc-4-(2-nitropheno^)-(L)-phenylalanine, methyl ester (600 
mg) was stiired in a solution of IN hydrochloric acid in ethyl acetate (10 
mL) for 18 hours at room temperature. A precipitate formed, the solvent 
was removed by rotoevaporation, and co-evaporated with Etfi (2x). The 
solid was than suspended with ethyl acetate, filtered, washed with 
diethyl ether, and allowed to air diy. The title compound was recovered 
(490 mg) and used in the subsequent reaction without further 
purification. 

StepC: N-(3.5-DichlorobenzenesulfonvlVfLV pro1vUfT.VA-r9.. 
nitrophenoxv)Dhenvlalanine. m ethvl ester, 

A solution of N-(3,5-dichlorobenzenesulfonyl)-(L)-proline (429 
mg), 4-(2-nitrophenoxy)-(L)-phenylalanine, methyl ester hydrochloride 
(445 mg), l-hydroxybenztriazole (255 mg), N-methylmorpholine (0.35 mL) 
in dichloromethane (32 mL) was cooled to 0 ''C. l-(3- 

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDO; 289 mg) 
was then added. The reaction was allowed to warm to room 
temperature and stirred for 17 hr. The reaction was diluted with 
dichloromethane (100 mL) and successively washed with water, IN 
hydrochloric acid, saturated sodium bicarbonate solution, and saturated 
salt solution. The organic layer was dried over anhydrous magnesium 
sulfate. The solution was filtered and the solvent removed by 
rotoevaporation. The residue was purified by flash colimm 
chromatography on siUca gel eluted with 20% ethyl acetate in hexane to 
afibrd the title compound (714 mg) which was used in the subsequent 
reaction. 
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StepP: N-(3.5-DichlorobenzenesiiIfonvlVfLVprolvl>(T.>-it-fg- 
nitrophenoxv)-phenvlalamne 

N-(3,5-Dichlorobeiizenesiilfonyl)-CL)-prolyl-(L)- 
4-(2-nitro-phenoxy)-phenylalanine, methyl ester (110 mg) was dissolved 
in ethanol (6 mL) and a solution of potassium hydroxide (15 mg) in water 
(2 mL) was added. After stirring for 20 minutes, the reaction was 
acidified with acetic add and the solvent removed by rotoevaporation. 
The residue was dissolved in ethyl acetate (40 mL), and the solution 
successively washed with saturated sodium bicarbonate solution and 
satiirated salt solution. The solution was dried over anhydrouus 
magnesium sulfate, ihen filtered and the solvent removed by 
rotoevaporation to ajSbrd the title compound (40 mg). 
M/S: m/e 625(M+NH4>*- 

*H NMR (400 MHz, CDaOD): S 1.63-1.72(m, IH), 1.75-2,92(m, 3H), 3.01- 
3.08(dd, IH), 3.25.3.35(m, 2H), 3.4-3.5 (m, IH), 4.19 (dd, J= 6,1, IH), 4.68- 
4.74 (m, IH), 6.97-7.05 (m, 3H), 7.2-7.35 (m, 3H), 7.45-7.5 (m, IH), 7.77 (s, 
3H), 7.91 (dd,J= 7,2, IH). 

The following compoimd was prepared by the procedures 
described in Example 289: 

Example Compoxmd Name MS* 

(290) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyKL)-4- 
(4-nitropheno3^)-phenylalanine 

(291) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl- 
prolyl-(L)-4-(2-nitrophenoxy)-phenylalanine 

*m/e: (M + 1 (H*))*or(M + 18 (NH^*))* 

.) 

EXAMPLE 292 

N-(3.5-Dichlorobenzenesulfonvn -(L)-prolvl-(L)-4-(2-aTninophenQxv)- 
phenvlalanine 
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Step A: N-f3.5-Di chlorobenzenesulfQnvl)-(L)-prQlvl-(L,)-4-r2- 
aminophe noxvVphenvlalanine. methyl ester 

To a solution of N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl- 
5 (L)-4-(2-nitro-phehoxy)-phenylalanine, methyl ester (120 mg) in ethanol 
(4.5 mL) was added iron filing (42 mg) and acetic acid (0.5 mL). 
Reaction was refluxed for 3 h then cooled to room temperatiire. The 
mixture was filtered through a pad of celite and the solvent was removed 
by rotoevaporation. The resultant tar was dissolved in ethyl acetate and 
10 successively washed with saturated sodium bicarbonate solution and 
satm^ted salt solution. The organic layer was dried over anhydrous 
magnesium sulfate^ filtered and the solvent r^ioved by rotoevaporation. 
• The resiude was ptirified by flash column chromatography on silica gel 
eluted with 40% ethyl acetate in hexane to afford N-(3,5- 
15 dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4-(2-aminophenoxy)- 

phenylalanine, methyl ester (75 mg) which was used in the subsequent 
reaction. 

StepB: N-(3.5-Dichlorobenze nesulfonvn-(LVpro]vl-a,^-(^ - 
20 aminophenoxv)-phen vlalanine 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4-(2- 
aminophenoxy)-phenylalanine, methyl ester was hydrolyzed by the 
procedure in Example 289, step D to afford N-(3,5- 

dichlorobenzenesulfonyl)-(L)-prolyl-(L)-4-(2-aminophenoxy)- 
25 phenylalanine. 

M/S: m/e 578(M+1). 

»H NMR (400 MHz, CD^OD): 8 1.62-1.9 (m, 4H), 3.0-3.07 (dd, IH), 3.2- 
3.3(m, 2H), 3.4-3.5 (m, IH), 4.19 (t, IH), 4.62-4.7 (m, IH), 6.6-6.65 (m, IH), 
6.73-6.77 (dd, IH), 6.85-6.95 (m, 4H), 7.2 (d, J=2, 2H), 7.78 (s, 3H), 8.1-8.15 
30 (d, IH). 

EXAMPLE 29.q 
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N=£SaS=Dichlorobenz^^ 
phenylalanine 

Step A: N-(3,5>bichlorobenzenesulfonvlV(LVprolvl-(L)-4-f2- 
5 acetvlaminopheno xv)-Dhenvlalanine. methvl ester 

To a solution of N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl- 
(L)-4-(2-aiiiino-phenoxy)-phenylalanine, methyl ester (55 mg) in pyridine 
(0.31 mL) and dichloromethane (4 mL) was dropwise added acetic 
anhydride (0.16 mL). After stirring for 1 hr, the reaction was diluted 

10 with dichloromethane (50 mL) and successivley washed with water and 
saturated salt solution. The solution was dried over anhydrous 
magnesiimi sulfate, filtered and the solvent removed by rotoevaporation., 
The residue was purified by flash column chromatography on siUca gel 
eluted with 5% ethyl acetate in dichloromethane to afford N-(3,5- 

15 dicUorobenzenesidfonyl>(L)-prolyHL)-4-(2-acel7laminopheno^ 

phenylalanine, methyl ester (41 mg) which was used in the subsequent 
reaction. 

StepB: N>(3,5-DichlorobenzenesulfonvlWLVp rolvl-fL)-4-(2- 
20 acetvlammophenoxyVphcnvlalanine 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyHL)-4-(2- 
acel7laminophenoxy)-phenylalanine, methyl ester was hydrolyzed by the 
procedure in Example 289, step D to afford N-(3,5- 
dichlorobenzenesuffonyl)-(L)-prolyl-(L)-4-(i2-acetyrm 

25 phenylalanine. 

M/S: m/e 637(M+NH,)*. 

NMR (400 MHz, CD3OD): d 1.6-1.95 (m, 4H), 2.06 (s, 3H), 3.0-3.08 (dd, 
IH), 3.2-3.3 (m, 2H), 3.4-3.48 (m, IH), 4.15-4.2 (m, IH), 5.55-5.61 (m, IH), 
6.8-6.85 (d, IH), 6.91 (d, J= 9, 2H), 6.98-7.08 (m, 2H), 7.26 (d, J=9, 2H), 7.78 

30 (s, 3H), 8.85-8.90 (dd, IH). 

The following compounds were prepared by the 
procedures described in Example 293: 
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Ex. Compound Name MS" 

(294) N-(3,5-dichlorobenzenesiilfonyI)-(L)-prolyl-(L)-4- 637 
(4-acetylaminophenoxy)-phenylalanine 

(295) N-(3,5-dichlorobenzenesxilfonyl)-(L)-2(S)- 636 
methylprolyl-(L)-4-(2-acetylaminophen.oxy)- 
phenylalanine 

* m/e: (M + 1 (H*))* or (M + 18 (NH/))* 

5 EXAMPLE 29f^ 

N-(3.5-PichlorobenzeneaulfQnvn..2- fS)-mettiv1-(L)-pmTvl-^ 
(2-cvanopheno3rv)-T>henvlfllaniTiP 

10 StepA: N-Poc-4-(2-cvanophenoxv)-phenv1ftl« n ine. mt,thv^ 

A solution of 500 mg of N-Boc-4-(L)-tyrosme, methyl ester, 
205 mg 2-fluorobenzomtrile, 245 mg KF 40 wt% on alumina, 45 mg 18- 
crown-6, and 7 mL of acetonitrile was run at reflux for seven days. The 
reaction was then diluted with methylene chloride, and washed with 
15 water and satiurated salt solution. The organic layers were then dried 
over anhydrous magnesium sulfate and the solvent was removed in 
vacuo. The product was pxuified via silica gel chromatography eluted 
with 80% hexane:20% acetone to yield 253 mg of the product. 

NMR (400 Mhz, CD3OD): 6 1.38(s, 9H), 2.9(dd. IH), 3.13(dd, IH), 3.70(s, 
20 3H), 3.38(m, IH), 6.88(d, IH), 7.03 (d, J=9, 2H), 7.2(t, IH), 7.29(d, J=9, 2H), 
7.55(t, IH), 7.72,(d, IH). 

StepB: 4-(2-cvanophend3cv)-p henvla1flnine. methvl 
ester.hvdrochlnridft ' 

25 The reaction was performed by an analogous procedure as 

described in Example 289, step B to yield the title compound. 
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Step C: N-Boc-2-(SVmethvl-(L)-Drolvl-4-f2-cvanophenQxvV 
phenylalanine, methyl ester 

To a solution of 131 ing of N-Boc-2-(S)-methyl-(L)-proline, 190 
mg 4-(2-cyanophenoxy)-phenylalanine, methyl ester hydrochloride, 297 
5 mg PyBOP, and 4 mL of methylene chloride at 0® C was added 300 uL of 
diisopropylethylamine via syringe. The reactants were allowed to warm 
to room temperature and said reaction was run over the weekend. The 
reaction was then diluted with methylene chloride, washed with water, 
IN hydrochloric acid^, saturated sodium bicarbonate solution, and 
10 saturated salt solution. The organic layer was dried over anhydrous 
magnesium sulfate and concentrated in vacuo. The product was 
purified via silica gel chromatography, eluted with 80% hexane:20% 
acetone to yield 263 mg of the title compotmd. 

15 StepD: N-Boc>2-(SVmethvl>(L,Vprolvl-4-(2>cvano phenoxv)- 
phftnylfllflnine. methvl ester hydrochloride 

The reaction was peiibrmed by an analogous procedure as 
described in Example 289, step B to yield the title compoimd. 

20 StepE: N-(3.5-DichlorobenzenesulfonvlV2>fS)-methvl-(LVprolvl- 
4-(2-cvanophenoxy)»phenvlalanine^ methvl ester 

To a solution of 95 mg of N-Boc-2-(S)-methyKL)-prolyl-4-(2- 
cyanopheno>^)-phenylalanine, hydrochloride, 61 mg 3,5- 
dichlorobenzenesulfonyl chloride, and 2.5 mL of tetrahydrofuran at 0** C 

25 was added 110 uL of diisopropylethylamine via syringe. The reaction 
was allowed to warm to room temperatiire and run at said temperattire 
overnight. The reaction was diluted with methylene chloride, washed 
with water, IN hydrochloric acid, saturated sodium bicarbonate 
solution, and saturated salt solution.. The organic layer was dried over 

30 anhydrous magnesiiun stdfate and concentrated in vacuo. The produt 
was purified via silica gel chromatography, eluted with 80% hexane:20% 
acetone to yield 62 mg of of N-(3,5-dichlorobenzenesulfonyl)-2-(S)-methyl- 
(L)-prolyl-4-(2-cyanophenoxy)-phenylalanine, methyl ester. 
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StepF: N-(3.5-Di chlorobenzenesulfnnvl)-2-(S)-methvl-rLVoro]vl- ^ 

('2-cvanophenoxv')-phenv]a1flTn'rtA 

To a solution of 62 mg of N-(3,5-dichlorobeii2enesulfonyl)-2- 
~^ (S)^ethyl-(i;)-prolyl-4-(2-cyanophenoxy)-phenj^alanine, methyl ester in 
5 mL of ethanol was added a solution of 11 mg potassium hydroxide in 2 
. mL of water. After 1.5 hours the solvent was removed in vacuo. The 
restiltant solid was then dissolve in methylene chloride and washed with 
0.5 M hydrochloric acid and saturated salt solution. The organic layers 
10 were dried over anhydrous magnesium sulfate and concentrated in 
vacuo. The formed diast^eomers were separated via HPLC using a 
YMC ODS-AQ column, eluting with 80% MeOH: 20% WATER + 0.1% 
TEA. The faster eluting product was shown to be the desired product. 
M/S: m/e 619 (M+l+NH,). 
15 NMR (400 Mhz, CDgOD): 5 1.60(s. 3H), 1.7-1.9(m, 3H), 2.12-2.21(m, 

IH), 3.08-3.16(dd. IH), 3.3-3.5(m). 4.65-4.75(m, IH), 6.91(d, J=8 IH), 7.04(d, 
2H), 7.15 (t, IH), 7.36 (d, J=9, 2H), 7.4-7.5 (t, IH), 7.6-7.8(m, 4H). 

The following compound Was prepared by the procedures 
20 described in Example 296: 

Ex. Compound Name MS* 

(297) N-(3,5-Dichlorobenzenesulfonyl)-2-(S)-methyl-(L)- 619 
prolyl-4-(4-cyanophenoxy)-phenylalanine 

25 EXAMPLE 29f^ 

N-(3,5-DichlorohRn2enesulfonvl)-(L)-prnlvl -(L)-Q-tfirt-hutvl-tvrosinft 

Step A: N-(3.5-Dichlorobenzen ftsulfQnvTWT.)-DrQlv1-rT.VO-t r^ rt - 
butvl-tv rosine. methvl ester. 
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To a solution of 3,5-dichlorobenzenesiilfonyl-(L)-proline 
(from Example 284, Step B) (1.70 gm, 5.23 mmole) in dry 
dichloromethane (15 mL) was added l-hydroxybenzotriazole hydrate 

(782.3 mg, 5.78 mmole) followed by N-methylmorpholine (l,45mL, 13,1 

5 nmiole), (L)-O-tert-butyl-tyrosine, methyl ester hydrochloride (1.58 
gm, 6.31 mmole), and l-ethyl-3-(3-dimethylamino-propyl) 
carbodiimde (1.41 gm, 7.36 mmole). Additional dichloromethane (5 
mL) was added and the solution stirred under nitrogen at 25'*C 
overnight. Water was added and the layers separated. The aqueous 
10 layer was extracted with ethyl acetate (3 x 15 mL). The combined 

organic layers were successively washed with water (2 x 20 mL) and 
saturated salt solution and dried over anhydrous magnesium sulfate. 
After filtration, the solvent was removed by rotoevaporation. The 
residue was purified by flash column chromatography on silica gel • 
15 eluted with 5-35% ethyl acetate in hexanes to yield N-(3,5- 

dichlorobenzenesulfonyl)-<L)-prolyl-(L)-0-tert-butyl-tyrosine, methyl 
ester as a pale white foam (2.85 gm, 98% yield). 
MS: m/e 557.4 (M+D*. 

400 MHz iH NMR (CD3OD): S 1.28 (s, 9H), 1.49-1.66 (m, 3H), 2.03-2.07 
20 (m, IH), 2.99 (dd, J = 14.0, 7.5 Hz, IH), 3.06-3.12 (m, IH), 3.19 (dd, J = 
14.1, 5.5 Hz, IH), 3.34.3.39 (m, IH), 3.74 (s, 3H), 4.04-4.07 (m, IH), 4.76- 
4.81 (m, IH), 6,88 (d, J = 8.4 Hz, 2H), 6.99 (d, J = 8.4 Hz, 3H), 7.58 (t, J = 
1.8 Hz, IH), 7.69 (d, J = 1.8 Hz, 2H). 

25 Step B: N-(3.5-Dichlorobenzenesulfonvl)-(L)-prolvl-(LVO-tert- 
butyl-tyyosi^g, 

Under a dry nitrogen atmosphere, to a solution of 1.20gm 
(2.15 mmole) of N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-tert- 
butyl-tyrosine, methyl ester (1.20 gm, 2.15 mmole) in dry ethanol 

30 (25.8mL) was added dropwise an aqueous 0.2N sodixmi hydroxide 

solution (12.9mL, 2.58 mmole). The reaction was stirred for 1.5 hr at 
room temperature. A l.OM aqueous solution of acetic acid (-2 mL) 
was added until pH 4-5 was obtained. The solvent was removed by 
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rotoevaporation and the residue dissolved in dichloromethane and 
water. The layers were separated and the aqueous layer was 
extracted with dichloromethane (3 x 20 mL). The organic layers were 
combined, and successively washed with water, saturated salt 
5 solution, and dried over axkhydrous sodium sulfate. After filtration, 
the solvent was removed by rotoevaporation. The residue dissolved in 
a minimum of dichloromethane and purified on a 4000 ^m silica gel 
plate on a Chromatotron, eluted with 1-10% metiianol in 
dichloromeUiane to yield N-(3,5-dichlorobenzenesulfonyI)-(L)-prolyl- 
10 (L)-0-t«i>butyl-fyrosine as a pale yellow foam (1.15 gm, 99% yield) 
MS: m/e 543.3 (M+ir. 

400 MHz NMR (CD,OD) 5 1.28 (s, 9H), 1.60-1.69 (m, IH), 1,70-1.79 (m, 
IH), 1.82-1.89 (m, 2H), 3.02-3.06 (m, IH), 3.21-3.30 (m, 4H), 3.41-3.49 
(m, IH), 4.19 (br t, J = 6.60 Hz, IH), 4.62 (br s, IH), 6.90 (d, J = 8.3 Hz, 
15 2H), 7.18 (d,-J = 8.4 Hz, 2H), 7.78 (s, 3H). 

EXAMPLE 299 

N-(3.5-Dichlorobenzenesulfonvl ML)-prolvl-(L)-0-inethvl-tvrosiiift. 

20 

Step A: N-(3.5-Dichlorobenz enesulfonvl)-(L)-prolvl-rL)-Q-tert- 
butvl-tvr osine. tert-butvl ester 

By the procedure of Example 284, step C, N-(3,5- 

dichlorobenzenesulfonyl)-(L)-proline was coupled with (L)-0-tert- 
25 butyl-tyrosine, tert-butyl ester hydrochloride. The product was 

purified by flash column chromatography on silica gel eluted with 

5-35% ethyl acetate in hexane and isolated as a white foam (85% 
jdeld). 

MS: m/e 599.0 (M+1)* . 
30 400 Mhz »H NMR (CDCl,) 6 1.28 (s, 9H), 1.42 (s, 9H), 1.56-1.63 (m, 4H), 
2.05-2.08 (m, IH), 2.99 (dd, J = 14.0, 6.7 Hz, IH), 3.09-3.17 (m, 2H), 3.35- 
3.38 (m, IH), 4.06-4.08 (m, IH), 4.67 (br dd, J = 14.0, 6.3 Hz, IH), 6.87 
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(br d, J = 8.5 Hz, 2H), 7.03 (br d, J = 8.4 Hz, 3H), 7.06 (br d, J = 7.6 Hz, 
IH), 7.57 (t, J = 1.8 Hz, IH), 7.70 (d, J = 1.8 Hz, 2H). 

Step B: N-(3.5-Dichlorobenzenesulfonvl)-(LVprolvl-(L)-tvrosine, 
5 tert-butvl ester 

To a solution of N-(3,5-dichlorobenzenesulfonyl)-(L)- 
p^olyl-(L)-0-te^t-butyl-ty^osine, tert-butyl ester (1.20 gm, 2.00 mmole) 
in dry dichloromethane (6 mL) at 0' C xinder a dry nitrogen 
atmosphere was dropwise added a 50% v/v solution of trifluoroacetic 

10 acid in dichloromethane (3.08 mL, 20 mmol) over a 10 min period. 
After stirring for 2 hr, the reaction mixture was quenched at 0* C 
with an aqueous 5% sodiimi bicarbonate solution to pH = 7-8. The 
layers were separated and the organic layer dried over anhydrous 
magnesium sid£Eite. After filtration, the solvent was removed by 

15 rotoevaporation and the residue purified by flash column 

chromatography on silica gel eluted with 1-10% methanol in 
dichloromethane to yield N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl- 
(L)-tyrosine, tert-bulyl ester as a white foam (1.71 gm, 78% yield). 
MS: m/s 543.4 (M+ir. 

20 400 MHz *H NMR (CDCls) 6 1.45 (s, 9H), 1.55-1.63 (m, 3H), 2.07 (in, 
IH), 2.94 (dd, J = 14.1, 6.90 Hz, IH), 3.09-3.16 (m, 2H), 3.37-3.39 (m, 
IH), 4.06-4.09 (m, IH), 4.65-4.70 (m, IH), 6.71 (d, J = 8.5 Hz, 2H), 7.01 
(d, J = 8.5 Hz, 2H), 7.06 (d, J = 7.7 Hz, IH), 7.58 (t, J = 1.8 Hz, IH), 7.70 
(d, J = 1.8 Hz, 2H). 

25 

StepC: N-(3,5-dichlorobenzenesulfonvl)-(Li)-prolyl-(L)-0-methvl- 
tvrosine. tert-butvl ester 

To a solution of N-(3,5-dichlorobenzenesulfonyl)-(L)- 
prolyl-(L)-tyrosine, tert-butyl ester (100 mg, 0.184 mmole) dissolved in 
30 dry dimethylformamide (1.0 mL) was added anhydrous potassium 
carbonate (76.3 mg, 0.552 mmol) and iodomethane (52.3 mg, 0.736 
mmole). The reaction mixtvire was stirred vigorously at 25' C 
overnight under a dry nitrogen atmosphere. Ethyl acetate (30 mL) 
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was added and the solution acidified with aqueous 5% citric acid to 
pH = 5. The layers were separated and the aqueous layer was 
extracted with ethyl acetate (3 x 20 mL). Organic layers were 
combined and washed successively with water and saturated salt 
5 solution, and dried over anhydrous magnesium sulfate. After 

filtration, the solvent was removed by rotoevaporation and the residue 
^ dissolved in a miniTniim of dichloromethane. This solution was 
loaded onto a 1000 micron silica gd Chromatotron plate and purified 
by gradient elation with 10-50% ethyl acetate in hexane to afiford N- 
10 (3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-methyl-tyrosine, tert- 
butyl ester as an ofif-white powder (76 mg, 74% yield). 
MS: m/e 557.5 (M+ir. 

400 MHz ^H-NMR (CDCl,) 5 1.44 (s, 9H), 1.56-1.69 (m, 3H), 2.08-2.11 
(m, IH), 2.95 (dd, J = 14.0, 6.68 Hz, IH), 3.09-3.16 (m, 2H), 3.35-3.40 (m, 
15 IH), 3,75 (s, 3H), 4.07-4.09 (m, IH), 4.66 (dd, J = 13.8, 6.4 Hz, IH), 6.78 
(d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.6 Hz, 3H), 7.57 (t, J = 1.8 Hz, IH), 7.70 
(d, J=1.8Hz,2H). 

StepD: N-(3.5-Pichlorobenzenesulfonv]WT. WQlvl-fT.^-n-iTiA<:>iyl, 
20 tyrosine. 

To a solution of N-(3,5-dichlorobenzenesulfonyl)-(L)- 
prolyl-(L)-0-methyl-tyrosine, tert-butyl ester (50 mg, 0.090 mmole) 
dissolved in diy dichloromethane (0.3 mL) and anisole (5 nL) at O'C 
under a dry nitrogen atmosphere was dropwise added a 50% v/v 

25 solution of trifluoroacetic add in dichloromethane (276uL, 1.8 

mmole). After the addition was completed, the ice bath was removed, 
and the reaction mixture allowed to stir vigorously for 2.5 hr. The 
reaction mixture was treated with dichloromethane (20 mL) and 5% 
aqueous sodium bicarbonate to pH = 5. After separation of phases, 

30 the aqueous layer was extracted with dichloromethane (2 x 10 mL). 
The organic layers were combined and successively washed with 
water and saturated salt solution. The solution was dried over 
anhydrous magnesium sulfate and filtered. The solvent was 
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removed by rotoevaporation and the residue dissolved in a minimum 
of dichloromethane. This solution was loaded onto a 1000 micron 
silica gel plate on a Chromatotron eluted with 1-10% methanol in 
dichloromethane to afford N-(3,5-dichlorobenzenesiilfonyl)-(L)-prolyl- 
5 (L)-0-methyl-tyrosine as a light brown powder (28.5 mg, 63% yield). 
MS: m/e 501.2 (M+l)*. 

400 MHz ^H-NMR (CD3OD) 5 1.56-1.65 (m, 2H), 1.74-1.85 (m, IH), 1.86- 
1.88 (m, IH), 3.01 (dd, J = 13.9, 6.4 Hz, IH), 3.16-3.24 (m, 2H), 3.37-3.43 
(m, IH), 3.72 (s, 3H), 4.12 (dd, J = 8.5, 3.4 Hz, IH), 4.45 (br t, J = 5.7 Hz, 
10 IH), 6.79 (d, J = 8.6 Hz, 2H), 7.15 (d, J = 8.6 Hz, 2H), 7.80 (br m, 3H). 

The following compounds were prepared by the 
procedtures described in Example 299 using the appropriate 
alkylating or acylating agent in Step C: 
15 - 

Ex. Compound Name MS * 

(300) N-(3,5-dichlorobenzenesulfonyl)-(L).prolyl-(L)-0- 577.4 
benzyl-tyrosine 

(301) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 543.5 
n-butyl-tyrosine 

(302) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 526,4 
cyanomethyl-tyrosine 

(303) N-(3,5-dicMorobenzenesulfonyl)-(L)^^^ 547.4 
J (2-methoxyethyl)-tyrosine 

(304) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyHL)-0- 559.4 
(2-ethoxyethyl)-tyrosine 

(305) N-(benzenesulfonyl)-(L)-prolyl-(L)-0-(2- 477.0 
methoxyethyD-tja-osine 

(306) N-(benzenesulfonyl)-(L)-prolyl-(L)-0-(2. 491.2 
ethoxyethyD-tyrosine 

(307) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyKL)-0- 584.3 
( 1-pyrr oUdinylcarbonyD-tyrosine 
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(308) N-(beiizenesxilfonyl)-(L)-prolyl-(L)-0-(l- 516.3 
pyrroKdinylcarbonyD-tyrosine 

(309) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyHL)-0- 618 
(tert-butyl acetate)-iyrosine 

(310) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 599.1 
(4-morpholinyl-carbonyl)-tyrosine 

(311) N-(3,5-diclilorobenzenesulfonyl)-(L)-prolyHL)-0- 543.3 
( l-(2-propanonyl)-tyrosine 

(312) N-(3,5-dichloroben2enesulfonyl)-(L)-2(S)-methyl- 598 
prolyl-(L)-0-(l-pyrroKdinylcarbonyl)-tyrosine 

(313) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl- 632.1 
prolyl-(L)-0-(tert-butylacetate)-tyrosme 

(314) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-inethyl- 5593 
prolyl-(L)-0-(2-ethoxyethyl)-tyrosine 

(315) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyHL)-0- 559.4 
(acetic aciiD-tyrosme, methyl ester 

(316) N-(3,5-dichlordben2enesulfonyl)-(L)-pi'olyKL)-0- 545.2 
(acetic acid)-tyrosine 

(317) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl- 557.3 
prolyl-(L)-0-(l-(2-propeuionyl)-tyrosine 

(318) N-(3,5-dichloroben2enesulfonyl)-(L)-2(S)-methyl- 612.4 

prolyl-(L)-0-(l-pyrrolidinylcarbonyl)-tyrosine, 
methyl ester 

(319) N-(3,5-dichloroben2enesulfonyl)-(L)-2(S)-methyl- 614.2 
prolyl-(L)-0-(4-morphoKnyl-carbonyl)-tyrosine 

(320) N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0- 580.3 
(2-pyrrolylcarbonyl)-tyrosine 

(321) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl- 634.4 

prolyl-(L)-0-(N-i>henyl-N-methylaminocarbonyl)- 
irjnrosine 

(322) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl. 600.3 
prolyl-(L)-0-(N,N-diethyl-aminocarbonyl)- 

tyrosine • 
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(323) N-(3-chlorobenzenesulfonylML)-2(S)-methyl- 580.3 
prolyl-(L)-0-(4-morpholinyl-carbonyl)-tyrosine 

(324) N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-niethyl- 628.6 
prolyl-(L)-0-(N,N-diisopropyl-aminocarbonyl)- 
tyrosine 

(325) N-(3,5-dichloroben2enesulfonyI)-(L)-prolyHL)-0- 591.3 
(benzoyl)-tyrosine 

(326) N-(3,5-dichlorobenzenesulfonyl).(L)-prolyl-(L)-0- 583.3 
(cyclopentanoyD-tyrosine 

* m/e: (M + 1 (H^))* or (M + 18 (NH/))* 

EXAMPLE 327 

5 N-(3.5-Dichlorobenze nesulfonvl)-fLVprQlvl-fL)-Q>(5-tetrazolvl)met^^ 

Step A: N>(3,5-dichlorobenzenesulfonvn-f LVprolvWLVO- 
cvanomethvl-tvrosine, tert-butvl ester 

10 To a solution of N-(3,5-dichlorobeii2enesulfonyl)-(L>- 

prolyl-(L)-tyrosine, tert-bufyl ester (200 mg, 0.368 mmole, obtained 
from Example 299, Step A) dissolved in 2.0 mL of diy 
dimethylformamide was added bromoacetonitrile (353.1 mg, 2.94 
mmole) and anhydrous potassium carbonate (152.6 mg, 1.10 mmole). 

15 The reaction mixture was stirred vigorously imder a dry nitrogen 
atmosphere at 40'C overnight. The reaction mixture was then 
diluted with ethyl acetate and acidified with 5% aqueous citric acid to 
pH = 5. After separation of the organic layers, the aqueous layer was 
washed with fresh ethyl acetate (3X). The combined organic layers 

20 were successively washed with water, saturated salt solution, and 

then dried over anhydrous magnesium stdfate. The residue obtained 
after filtration and removal of solvents was ptirified on a 1000 micron 
Chromatotron plate by gradient elution using 10-8-5-4-2-1:1 
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Hexane:EtoAc. This afforded 150.4 mg (70% yield) of the title 
compound as an off-white powder. 
MS.: (ESI) m/e 582.4 (M+1)*. 

^H-NMR 400 MHz (CDCI3) 8 1.44 (s, 9H), 1.56-1.69 (m, 3H), 2.08-2.11 
5 (m, IH), 3.00 (dd, J = 14.0, 6.68 Hz, IH), 3.05-3.13 (m, IH), 3.21 (dd, J = 

14.0, 6.69 Hz, IH), 3.35-3.51 (m.lH), 4.09 (dd, J = 8.5, 3.4 Hz, IH), 4.68 
(dd, J = 13.8, 6.4 Hz, IH), 4.73 (s, 2H), 6.89 (d, J = 8.7 Hz, 2H), 7.09 (d, J 
= 8.6 Hz, 2H), 7.15 (d, J = 8.7 Hz, 2H), 7.58 (distorted m, IH), 7.70-7.73 
(distorted m, 2H). 

10 

StepB: N-(3.5-DichiorobenzenesulfnnvlV(' L)-nro]vl-fT.^-0- 
(5-tetrazr>1v1Vmethvl-tvr osine. terfc-butvl eater 

A mixture of N-(3,5-dichlorobenzenesulfonyl)-(L)rprolyl- 
(L)-O-cyanomethyl-tyrosine, tert-butyl ester (82.0 mg, 0.141 mmol) 

15 and f trimethyltm azide (101.4 mg^ 0.493 mmol) in 6 mL of dry toluene 
was stirred at reflux for 1 day. The reaction mixture was cooled to' 
room temperature and concentrated in vacuo. The residue was 
treated with 6 mL of dry methanol and 3 g of silica gel and stirred 
vigorously overnight at room temperature. This slurry was 

20 concentrated to give a powder. This was vacuum-dried and then 

added as a slurry in methylene chloride to a 4.0 x 7.0 cm cartridge of 
Flash-40 silica gel and eluted with 10% methanol in methylene 
chloride. The fractions containing the desired product were combined 
and concentrated to yield 33.0 ing (38.2% yield) of the titled compound 
25 as a white powder. 

Mass spectrum (ESI) m/e 630.1 (M+18)*. 

*H-NMR 400 MHz (CD3OD) 5 1.41 (s, 9H), 1.61-1.92 (m, 3H), 2.08-2.11 
(m, IH), 2.97-3.01 (distorted m, IH), 3.09 (dd, J = 14.0, 6.2 Hz, IH), 
3.24-3.28 (m, IH), 3.39-3.46 (m, IH), 4.17-4.21 (m, IH), 4.52 (dd, J = 
30 14.0, 5.9 Hz, IH), 5.37 (s, 2H), 6.99 (d, J = 8.7 Hz, 2H), 7.18 (d, J = 8.7 
Hz, 2H), 7.78-7,80 (distorted m, 3H), 8.15 (d, J = 8. 1 Hz, IH). 



Step C: N-(3.5-nin hlorobenzenesulfnnYT)-(L)-prn]vl-(T.).n. 
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(5-tetrazolvl)methv l>tvrosme 

A mixttire of N-(3,5-dichlorobeii2enesulfonyl)-(L)-prolyl- 
(L)-0-(5-tetrazolyl)rQethyl-tyrosine, tert-butyl ester (30 mg, 0.0489 
mmol) was dissolved in 2 mL of dry methylene chloride and was 
5 cooled in an ice bath. A solution of 1/1 vAr of trifluoroacetic acid (55.7 
mg, 0.489 mmol) and methylene was added, which was stirred 
vigorously for three hr ice temperatiu*e . A stream of dry nitrogen 
was appUed to remove the solvents and the residue was loaded onto a 
reverse phase prep-plate (RP-I8WF254S 0.2 mm 20 x 20 cm, EM 
10 Science) using a minimal amount of methylene chloride and eluted 
with 40:60 water/acetonitrile. The product band was collected and 
extracted with 10% methanol/methylene chloride, concentrated to 
provide 5.0 mg (18% 3deld) of the titled compound as a white foam 
material. 

15 Mass spectrum (ESI) m/e 569.3 (M+1)*. 

'H-NMR 500 MHz (CD3OD) 8 1.61-1.87 (m, 3H), 2.05 (distorted m, IH), 
3.02 (dd, J = 14.0, 8.1 Hz, IH), 3.18 (dd, J = 14.1, 5.2 Hz, 1H),3.23.3.28 
(m, IH), 3.39.3.43 (m, IH), 4,22 (t, J = 6.0 Hz, IH), 4.64 (dd, J = 8.0, 5.3 
Hz, IH), 5.41 (s, 2H), 6.99 (distorted d, J = 2.1 Hz, 2H), 7.22 (distorted d, 

20 J = 1.8 Hz, 2H), 7.76-7.78 (m,3H). 

EXAMPLE 328 

N-(3.5>Dichlorobenzenesulfohv n-(L)-2(S)>methvl-prnlvl-(L)-^^ 
25 histidine 

Step A: N-t-ButvloxvcarbQnvl-(L)>2(S)-methvl>p rQline 

2(S)-Methyl-proline (4.98 g, 38.55 mmol) was dissolved in 
dioxane (40 mL) and water (40 mL) to give a suspension. Triethyl 
30 a min e (11.4 gm, 46.27 mmol) was added, followed by the addition of 2- 
(tert-buto>Qrcarb9nylox5dmino)-2-phenylacetonitrile (BOC-ON, ,5.85 
gm, 57.83 mmol). The reaction mixture was stirred at room 
temperature overnight to give a yellow solution. The reaction was 
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quenched with water (150 mL) and diethyl ether (225 mL). The 
organic layers were separated and the ether layer eictracted with 
water (80 mL). The combined aqueous layers were cooled to 0*C and 
treated with 2N hydrochloric acid to pH = 2, and then extracted with 
5 ethyl acetate (3 x 150 mL). The combined organic layers were dried 
with over anhydrous sodiiun sulfate, filtered and concentrated to 

yield 7.24 g (82% yield) of the titled compound as a white solid (mp = 
119-125*C). 

Mass spectrum (ESI) zn/e 230.1 (M+1)^. 
10 ^H-NMR 400 MHz (CD3OD) 5 L41 (s, 9H), 1.49 (s, 3H), 1.85-1.99 (m, 
3H), 2.13-2.25 (m, IH), 3.43-3.54 (m, 2H). 

StepB: N-t-Butvloxvcarbonv^f L).2fSVmethvl-prolvl-(L%yP- 
benzvl-histidine, methvl ester. 

15 A mixture of N-t-butyloxycarbonyl-(L)-2(S)-methyl- 

proline (300 mg, 1.31 mmol) and of (D-N'-benzyl-histidine, methyl 
ester dihydrochloride (339.28 mg, 1.31 mmol) in dry 
dimethylformamide (5 mL) and methylene chloride (2.5 mL) was 
stirred at room temperature. Diisopropylethyl amine 

20 (684.6 fiL, 3.93 mmol) was added followed by the addition of 
benzotriazole- l-yl-oxy-tris-pyrrolidino-phosphosphate 
hexafluorophosphosphate (PyBOP, 681.6 mg, 1.31 mmol) and the 
mixture was stirred overnight. This reaction mixture was treated 
with 2N hydrochloric acid, water, and ethyl acetate. The layers were 

25 separated and the aqueous layer was extracted with ethyl acetate 
(3X). The combined organic layers were washed with saturated 
sodium bicarbonate, water, saturated salt solution and dried over 
anhydrous magnesium sulfate. After filtration and removal of , 
solvent by rotoevaporation, the residue was piuifed by flash 

30 chromatography on sihca gel and eluted with 10-9-8-7-6-5-4-3-2-1:1 
Hexanerethyl acetate and finally with 1-2% methanol/methylene 
chloride. The firactions containing the desired material were 
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combined and concentrated to yield 357.8 mg (58% yield) of the titled 
compound as a sticky white foam. 
Mass spectrum (ESI) m/e 471.5 (M+1)*, 

400 MHz (CD3OD) 5 1.34 (s, 9H), 1.43 (distorted s, 3H), 1.62-2.05 (m, 
5 4H), 2.98-3.11 (m, 2H), 3.38-3.42 (m, IH), 3.47-3.55 (m, IH), 3.66 (s, 3H), 
4.66-4.70 (m, IH), 5.16 (distorted s, 2H), 6.95 (s, IH), 7.26-7.38 (m, 5H), 
7.86 (s, IH), 8.09 (s, IH). 

StepC: (L)-2(S)-Methvl-prolvI-(L)-N^- 

10 benzvl-histidine, methyl ester, dihvdrochloride- 

A mixture of N-t-butyloxycarbonyKL)-2(S)-methyl-prolyl- 
(D-N-benzyl-histidine, methyl ester (272.5 mg, 0.649 mmol) and 
hydrochloric acid^^/ethyl acetate (14.0 mL, 58.4 mmol) in dry ethyl 
acetate (2 mL) was stirred at room temperature for one hour. 

15 Methylene chloride was added and solvents were removed by 
rotoevaporation. The residue was dried under high vacuum 
oyendght and gave 235.1 mg (97.6% yield) of the titled compound. 
Mass specbimi (CI) m/e 371.3 (M+1)*. 

^H-NMR 400 MHz (CD3OD) 6 1.43 (s, 3H), 1.87-1.93 (m, IH), 2.01-2.13 
20 (m, 2H), 2.32-2.37 (m, IH), 3.14-3:21 (m, IH), 3.29-3.38 (m, 4H), 3.71 (s, 
3H), 4.77 (dd, J = 10.1, 5.3 Hz, IH), 5.39 (s, 2H), 7.40-7.43 (m, 5H), 9.05 
(distorted s, IH). 

Step D: N-f3.5-DichlorobenzenesulfQnvl)-(L)-2fS)-methyl- 
25 prolvl-(L)-N^-benzvl -histidine. methvl ester. 

(L)-2(S)-methyl-prolyl-(L)-N-benzyl-histidine, methyl 
ester, dihydrochloride (191.3 mg, 0.516 mmol was dissolved in dry 
tetrahydrofuran (5 mL) and dry dimethylformamide (2.5 mL). 
Diisopropylethyl amine (269.8 nL, 1.55 mmol) and 4, 4'- 
30 dimethylaminopyridine were added to this solution. After cooling to 
5*C for 5 minutes, a solution of 3,5-dichlorobenzenesulfonyl chloride 
(190.2 mg, 0.774 mmol) in dry tetrahydrofiiran (2.5 mL) was added to 
the reaction mixture which was allowed to reach room temperature 
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overnight. This reaction mixture was treated with water and ethyl 
acetate. The aqueous layer was extracted with ethyl acetate (3X). The 
organic layers were combined and successively washed with water 
and saturated salt solution and dried with anhydrous magnesium 
5 sulfate. After filtration, tibe solvents were removed by 

rotoevaporation. The residue was purifed on a 4.0 x 7.0 cm cartridge 
of Flash-40 silica gel and eluted 1-2-3-4-5% methanol/methylene 
chloride to yield 116.6 mg (39% yield) of the titled compound. 
Mass spectrum (CI) m/e 579.1 (M+1)*. 
10 *H-NMR 400 MHz (CDCI3) 6 1.67 (s, 3H), 1.72-1.86 (m, 2H), 1.91-1.98 
(m, IH), 2.30-2.35 (m, IH), 3.12 (dd, J = 15.0, 4.76 Hz, IH), 3.18 (dd, J = 
14.6, 6.02 Hz, IH), 3.33-3.39 (m, IH), 3.66 (s, 3H), 4.77 (dd, J = 6.11, 1.27 
Hz, IH), 5.04 (s, 2H), 6.76 (s, IH), 7.12-7.15 (m, 2H). 7.29-7.35 (m, 3H), 
7.72 (distorted d, J = 1.99 Hz, 2H), 7.99 (distorted s, 2H). 

15 

StepE: N-(3.5-Dichlorobenzeni»« ulfonvlWT,V2(S)-methvl- 
Prolvl-(L)-lSP'-benzv]-hiatidinA 

A mixture of N-(3,5-dichlorobenzenesulfonyI)-(L)-2(S)- 
methyl-prolyl-(L>N-ben2yl-histidine, methyl ester (115.5 mg, 0.199 

20 mmol) in 0.2N sodium hydroxide in ethanol (1.2 mL) was stirred at 
room temperature for 4 hours. The reaction mixture was treated 
with ethyl acetate and 5% citric acid to pH = 3-4. The aqueous layer 
was extracted with ethyl acetate (3X). The combined organic layers 
were washed with saturated salt solution and dried over anhydrous 

25 magnesium sulfate. The solution was filtered and the sovlents were 
removed removed by rotoevaporation. The residue was purified on a 
4.0 X 7.0 cm cartridge of Flash-40 silica gel eluted with 15% 
methanol/methylene chloride to yield 51.2 mg (45.5% yield) of the 
titled compound as a light brown foam. 
30 Mass spectrum (ESI) m/e 565.4 (M+1)*. 

*H-NMR 400 MHz (CDCJD,) 5 1.28 (s, 3H), 1.75-1.84 (m, 3H), 2.10-2.14 
(m, IH), 3.06-3.12 (m, IH), 3.24-3.29 (m, 2H), 3.31-3.42 (m, 2H), 4.46- 
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4.49 (m, IH), 5.23 (s, 2H), 7.18 (s, IH), 7.30-7,37 (m, 5H), 7.74-7.79 (m, 
3H), 8.34 (broad s, IH). 

EXAMPLE 329 

5 

N-Ben2enesttlfonvl-(L)-prolvl-2-aTTimo-2-norbQrna neca^^ acid 

Step A: 2-Ainino-2-norbomanecarbQxvli c acid, methvl ester 
hy^rpchoride. 

10 To 25 mL of methanol at 0 ""C was added thionyl chloride 

(2.4 mL, 32 mmol). After stirring at 0 "^C for 5 min, 2-ainino-2- 
norbomanecarboxylic acid (1.0 6.4 mmol) was added in one 
portion, and the mixture was heated at reflux for 16 h. The mixture 
was concentrated to give the product (1.2 g, 92%) as a white solid. 

15 

StepB: N-Benzenesulfonvl-fLVprolvl-2^5iTniT.rw9, 
norbomanecarboxvlic acid, methvl ester 

To a solution of 2-amino-2-norbom£uiecarboxylate, 
methyl eister hydrochloride (400 mg, 2.0 mmol), N-benzenesulfonyl- 

20 (L)-proline (510 mg, 2.0 mmol), l-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (306 mg, 2.0 mmol), 1- 
hydroxbenzotriazole (202 mg, 2.0 mmol) in 4 mL of tetrahydrofuran at 
0 ^"0 was added N-methyl morpholine (0.22 mL, 2.0 mmol). After 15 
min at 0 ''C, the reaction mixture was stirred at room temperature 

25 for 16 h, and was concentrated in vacuo. The residue was pxuified by 
flash colimin chromatography on silica gel eluted with 10:1 
methylene chloride/ethyl acetate to give the title compound (478 mg, 
59%) as a mixture of diastereomers. 

MS: calculated for C20H26N2O5S 406; foimd m/e 417 (M+H+), 423 
30 (M+NH4*). 



Step C: N- Benzepesulfonvl-(L)->prolvl>2-amino-2- 
norbomanecarboxvlic acid 
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A solution of N-phenylsulfonyl-(L)-prolyl-2-amino-2- 
norbomanecarboxyUc acid, methyl ester (210 mg, 0.2 mmol) in 3 mL 
of 1:1 aqueous sodium hydroxide (1 M) and methanol was stirred at 
room temperature for 2 weeks. The reaction was quenched with 
5 concentrated hydrochloric acid (0.2 mL), and the resulting mixture 
was partitioned between saturated salt solution and ethyl acetate. 
The product was extracted with ethyl acetate and was piuified by 
flash chromatography on silica gel eluted with 100:5:1 methylene 
chloride/meihanol/acetic acid to give the product as a mixture of 
10 diastereomers. 

MS: calculated for C19H24N205S, 392; found m/e 393 (M+H*), 410 
(M+NH/) 

EXAMPLE 330 

15 

N-Benzenesulfonvl-(L)-prolvl-3(RVmethv1-phf»n vlalamne 

Step A: N-BenzenesulfonvUfL) -prolvl-3fR)-nifttTiy^- 
phenylalanine, met hvl ester. 
20 The title compoimd was prepared by the procedure 

described in Example 289 Steps A - C starting from (L)-3(R)-methyl- 
phenylalanine (prepared by the procedure of Hruby and coworkers: 
Tetrahedron, 4a, 4733). 

25 StepB: N-Ben2ene8ulfonvl-f L)-prolvl-3('R)-methvl- 
phenylalaniner 

A solution of N-phenylsulfonyl-(L)-prolyl-(L)-3(R)- 
methyl-phenylalanine, methyl ester (23 mg, 0.053 mmol) in 1.0 mL of 
1:1 tetrahydroftiran/water at 0 was added lithium hydroxide 
30 hydrate (12 mg, 0.033 mmol) and hydrogen peroxide (30%, 33 mL, 

0.033 mmol). The reaction was allowed to warm up to 18 °C over 2 hr. 
The reaction was qu nched with dilute sodium thiosulfate and 1 M 
hydrochloric acid, and the resulting mixture was partitioned between 
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saturated salt solution and ethyl acetate. The product was extracted 
with ethyl acetate and purified by flash colunm chromatography on 
silica gel eluted with 50:50:1 ethyl acetate/hexane/acetic add to 20:1 
ethyl acetate/acetic acid to give the product (17 mg, 77%). 
5 MS: calculated for C21H24N205S, 416; found m/e 417 (M+H*), 434 
(M+NH/) 

^H-NMR (500 Mhz, CD3OD) 6 8.2-7.2 (lOH, m), 4.65 (IH, d), 4.23 (IH, 
dd), 3.48-3.36 (2H, m), 3.23 (IH, m), 2.0-1.2 (4H, m), 1.38 (3H, d) 

10 TgyAMPT.P! aai 

N-Phenvlsulfonvl>fLVp rolvl-fL)-2.3-methano>phenvlalanine and N> 
PhenvlsulfonvI--(L)>proIvl-(D)>2.3-methano-phenvlalamne. 

15 Step A: N-Phenvlsulfonvl>(LVprolvl-fLV2.3-Tnethann- 

phenvlalanine. methvl eater and N-Phenvlfiulfonvl-(LVprolvl>(D)-2,3- 
methano-phenvlalanine. mcthvl ester. 

The title compounds were prepared by the procedure 
described in Example 289, Steps A-C starting from E-2,3* 

20 methanophenylalanine, methyl ester hydrochloride (prepared by the 
procedure of Stammers and coworkers: J. Org. Chem., 1982, 47, 
3270). Under the described conditions, reaction of diazomet^iane with 
Z-2-phenyl-4-benzylidene-5-oxazolinone (Aldrich) gave a 4:1 mixture 
of Z-l,5-diphenyl-6-oxa-4-azaspiro(2,4)hept-4-ene-7-one and E-1,5- 

25 diphenyl-6-oxa-4-azaspiro(2,4)hept-4-ene-7-one, and the minor 

diastereomer was carried on to E-2,3-methanophenylalanine methyl 
ester hydrogen chloride salt as described. Subsequent peptide 
coupling (51 mg scale) afforded a 1:1 mixture of diastereomers, which 
were partially separated on silica gel eluting with 4:4:1 metibylene 

30 chloride/hexane/ethyl acetate. 

Top isomer: ^H-NMR (500 Mhz, CD30D) 5 8.0-7.1 (10 H, m), 4.18 (IH, 
dd), 3.60 (IH, ddd), 3.30 (3 H, S), 3.4-3.2 (IH, m), 2.96 (1 H, dd), 2.18 
XIH, dd), 2.1-1.8 (3H, m), 1.7-1.6 (IH, m), 1.58 (IH, dd) 
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Bottom isomer: ^H-NMR (500 Mhz, CD30D) 5 8.0-7.2 (10 H, m), 4.24 ( 
IH, dd), 3.66 (1 H, ddd), 3.30 (3 H, S), 3.26 (IH, ddd), 2.88 (1 H, dd), 2.22 
(IH, dd), 2.1-1.8 (3H, m), 1.66-1.60 (IH, m), 1,53 (IH, dd) 

5 Step B: N-Phenvls ulfonvl-fL)-Drolvl-fI.V2.3-mfit>iflnn- 

phenylalanine and N-phenvlsulfonvl- (L)-nroTv]-fD)-2.3-mftthflno- 
phenvlalanine. 

To a solution of the top isomer of N-phenylsulfonyl-(L)- 
prolyI-2,3-methanophenylalamne, methyl ester (15 mg, 0.035 mmol) 

10 in 0.6 mL of 1:1 tetrahydrofiiran/wrater was added lithiimi hydroxide 
hydrate (15 mg, 0.35 mmol), and the mixture was stirred at room 
temperature for 15 hr. The reaction was quenched witii concentrated 
hydrochloric acid (0.2 mL), and the resulting mixture was 
partitioned between brine and ethyl acetate. The product was 

15 extracted with ethyl acetate and was purified by flash 

chromatography on siKca gel eluted with 100:5:1 methylene 
chloride/methanol/acetic acid to give the product in quantitative yield. 
MS: calculated for C21H22N205S, 414; found m/e 415.3 (M+H*), 432.3 
(M+NH/) 

20 *H-NMR (500 Mhz, CD30D) 5 8.0-7.0 (10 H, m), 4.10 (IH, dd), 3.60 (IH, 
ddd), 3.27 (IH, ddd), 2.84 (1 H, dd), 2.18 (IH, dd), 2.1-1.8 (3H, m), 1.66- 
1.56 (IH, m), 1.57 (IH, dd). 

The bottom isomer was hydrolyzed in the same fashion 
25 as described for the top isomer: 

MS: calculated for C21H22N205S, 414; fotmd m/e 415.2 (M+H*), 432.2 
(M+NH/) 

*H-NMR (500 Mhz, CD30D) 5 8.0-7.1 (lOH, m), 4.06 ( IH, dd), 3.66 (1 
H, ddd), 3.27 (IH, ddd), 2;86 (1 H, dd), 2.19 (IH, dd), 2.1-1.8 (3H, m), 
30 1.68-1.58 (lH,m), 1.52 (lH,dd). 

EXAMPLE 3.^2 
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N-(3,5-Dichlorobenzenesulfonvl)-(LV2(SVmeth vl-prolvl-fL%4^ 
(( 1 Af.hvlpvrimi dane-2,4-dione)VphenvlftlaT^ 

Step A: N>(3-Fluor obenzenesulfonvl)-(L)-prolvI-fL)>4- 
5 trimethvlstannvlph envlalanine. tert-butvl ester. 

A solution of N-(3-fluoroben2enesulfonyl)-(L)-prolyl-(L)-4- 
iodophenylalanine, tert-butyl ester (1.0 gm, 1.53 mmol), 
hexamethylditin (411 ^iL, 2.14 mmol), triphenylphosphine (8 mg, 0.03 
mmol), lithiimi chloride (71 mg, 1.68 mmol), and 

10 tetrakis(triphenylphosphine)palladium(0) (88 mg, 0.077 mmol) in 1,4- 
dioxane (10 mL) was heated to 95**C mider a dry nitrogen atmosphere 
for 1.5 hr. The solution was cooled and diluted with ethyl acetate (100 
mL) and successively washed with IN sodium hydroxide solution 
(2X) and saturated salt solution (IX). After drying over anhydrous 

15 magnesium stdfate, the solution was filtered and the solvent removed 
by rotoevaporation. The residue was purified by silica gel column 
chromatography eluted with 10% acetone in hexanes to yield N-(3- 
fluorobenzenesulfonyl)-(L>-prolyl-(L)-4- 

(trimethylstannyl)phenylal£Uiine/ tert-butyl ester (577 mg, 54% yield). 
20 MS: m/e 658 (M + 18; NH/). 

N-(3,5-DichIorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl- 
(L)-4-lTimethylstazmylphenylalanine, tert-butyl ester was prepared 
from N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-4- 
25 iodophenylalanine, tert-butyl ester by an analogous procedure. 

StepB: N-(3,5>Dichlorobenzenesulfonvl)-(L)-2fS)-methvl>prQlvU 

fL)-4>(5-((lH,3H>^l,.^>di methvlpvrin ii^i>A-9.,il ,diQne))-p ^^ 

tert butvl ester 

30 A solution of N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)- 

methyl-prolyl-(L)-4-trimethylstannylphenylalanine, tert-butyl ester 
(70 mg, 0.1 mmol), (lH,3H)-l,3-dimethyl-5-iodo-pyrimidine-2,4-dione 
(40 mg, 0.15 mmol) and tetrakis-triphenylphosphine palladitun (4 
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mg, 0.003 mmol) in dry dimethylformamide (1 mL) was heated in an 
oil bath at lOOo C for 1 hr under a dry nils-ogen atmosphere. After 
cooling, the solvent was removed by rotoevaporation under high 
vacutmi. The residue was purified by flash column chromatography 
5 on silica gel eluted witii 15% acetone in hexanes to give the title 
compound as a light yellow soHd (27 mg, 40% yield). 
MS: (m/e) 696 (M + 18 (NH/)). 

Step C: N-(3.5-Dichlorobenz enesulfonvl)-(LV2fSVTnethvl-prolvl- 
10 (L)-4-(5-((lH.3H)-1.3-dimethvlpvri midine-2.4.Hione))Dhenv1fllflTiin^ 
The tert-butyl ester of N-(3,5-dichlorobenzenesuIfonyl)- 
a)-2(S)-methyl-prolyl-(L)-4-(5-((m,3H)-l,3Hiimethylpyrimidine-2,4- 
dione))-phenylalanine, tert butyl ester (24 mg, 0.035 mmol) was 
stirred in a solution of trifluoroacetic add (170 nL, 2.2 mmol) in 
15 methylene chloride (1.0 mL) according to the procedure described in 
Example 225, Step E to yield the title compound. 
MS: (m/e) 640 (M + 18 (NH/)). 

EXAMPLE 333 

20 

Inhibition of VTA-4 Depe ndent Adhesion to BSA-CS-1 Cnnfii p-flf.fi 

Step A. Preparatio n of CS-1 Coated Plates. 

Untreated 96 well polystyrene flat bottom plates were coated 
25 with bovine serum albumin (BSA; 20 jig/ml) for 2 houis at room 

temperature and washed twice with phosphate buffered saline (PBS). 
The albumin coating was n^t derivatized with 10 [ig/ml 3-(2- 
pyridyldithio) propionic acid N-hydroxysuccinimide ester (SPDP), a 
heterobifunctional crosslinker, for 30 minutes at room temperature and 
30 washed twice with PBS. The CS-1 peptide (Cys-Leu-His-Gly-Pro-Glu-De- 
Leu-Asp-Val-Pro-Ser-Thr), which was synthesized by conventional solid 
phase chemistry and purified by reverse phase HPLC, was next added to 
the derivatized BSA at a concentration of 2.5 jig^ml and allowed to react 
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for 2 hours at room temperature. The plates were washed twice with 
PBS and stored at 4**C. 

StepB. Preparation of Fluorescentlv Labeled Jurkat flftllfi 

5 Jurkat cells, clone E6-1, obtained from the American I^pe 

Ciilture Collection (Rockville, MD; cat # ATCC TIB-152) were grown and 

maintained in RPMI-1640 culture medium containing 10% fetal calf 

senun (FCS), 50 units/ml penicillin, 50 jig/ml streptomycin and 2 mM 

glutamine. Fluorescence activated cell sorter analysis with specific 

10 monoclonal antibodies confirmed that the cells expressed both the a4 

and pi chains of VLA-4- The cells were centrifiiged at 400xg for five 

minutes and washed twice with PBS. The cells were incubated at a 

6 

concentration of 2 x 10 cells/ml in PBS containing a 1 jtM concentration 
of a fluorogenic esterase substrate (2', 7'-bis-(2-carboxyethyl)-5-(and -6)- 
15 carboxyfluorescein, acetoxymethyl ester; BCECF-AM; Molecular Probes 
Inc., Eugene, Oregon; catalog #B-1150) for 30-60 minutes at ST'^C in a 5% 
C02/air incubator. The fluorescently labeled Jurkat cells were washed 

two times in PBS and resuspended in RPMI containing 0.25% BSA at a 
final concentration of 2.0 x 10^ cells/ml. 

20 

StepC. Assay Procedure. 

Compounds of this invention were prepared in DMSO at 
lOOx the desired final assay concentration. Final concentrations were 
selected from a range between 0.001 nM-100 jiM. Three ^L of diluted 

25 compound, or vehicle alone, were premixed with 300 fiL of cell 

suspension in 96-well polystyrene plates with round bottom wells. 100 jiL 
aliquots of the cell /compound mixture were then transferred in 
duplicate to CS-1 coated wells. The cells were next incubated for 30 
minutes at room temperature. The non-adherent cells were removed by 

30 two gentle washings with PBS, The remaining adherent cells were 
quantitated by reading the plates on a Cytofluor U fluorescence plate 
reader (Perseptive Biosystems Inc., Framingham, MA; excitation and 
emission filter settings were 485 nm aiid 530 nm, respectively). Control 
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wells containing vehicle alone were used to determine the level of cell 
adhesion corresponding to 0% inhibition. Control wells coated with BSA 
and crossiinker (no CS-1 peptide) were used to determine the level of cell 
adhesion corresponding to 100% inhibition. Cell adhesion to wells coated 
5 with BSA and crossiinker was usually less than 5% of that observed to 
CS-1 coated wells in the presence of vehicle. Percent inhibition was then 
calculated for each test well and the IC50 was determined from a ten 
point titration using a validated four parameter fit algorithm. 

10 EXAMPLE 33A 

Antagonism of VLA-4 Dependent Bindinfr to VCAM-Tp Fusion Protein 

Step A. Preparatio n of VCAM-Ifr. 

15 The signal peptide as well as domains 1 and 2 of hiunan 

VCAM (GenBank Accession no. M30257) were amplified by PGR using 
the human VCAM cDNA (R&D Systems) as template and the following 
primer sequences: 3'-PCR primer:5'-AATTATAATTTGATCAACTTAC 
CTGTCAATTCTTTTACAGCCTGCC-3'; 

20 5'-PCR primer: 

5'-ATAGGAATTCCAGCTGCCACCATGCCTGGGAAGATGGTCG.3\ 

The 5'-PCR primer contained EcoRI and PvuII restriction 
sites followed by a Kozak consensus sequence (CCACC) proximal to the 
initiator methionine ATG. The 3'-PCR primer contained a Bell site and 
25 a splice donor sequence. PCR was performed for 30 cycles using the 
following parameters: 1 min. at 94°C, 2 min. at 55°C, and 2 min. at 

72 C. The amplified region encoded the following sequence of htunan 
VCAM-1: 

MPGKMWILGASNILWIMFAASQAFKIETTPESRYLAQIGDSVSLTC 
30 STTCkJESPFFSWRTQTOSPmGKVTNEGTTSTLTMNPVSFGNEHSYLC 
TATCESRKLEKGIQVEIYSFPKDPEIHLSGPLEAGKPITVKCSVADVY 
PFDRIJSmiJ^GDHIJiaQSQEFI^DADRKSLETKSIJEVTFTPVIEDIG 
LVCRAKLHTOEMDSVPTVRQAVKEL. The resulting PCR product of 
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650 bp was dig^ested with £coRI and Bell and ligated to expression vector 
pig-Tail (R&D Systems, Minneapolis, MN) digested with EcoRI and 
BamHI. The pig-Tail vector contains the genomic fragment which 
encodes the hinge region, CH2 and CH3 of human IgGl (GenBank 
5 Accession no. Z17370). The DNA sequence of the resulting VCAM 
fragment was verified using Sequenase (US Biochemical, Cleveland, 
OH). The fragment encoding the entire VCAM-Ig fusion was 
subsequently excised from pig-Tail with EcoRI and NotI and Hgated to 
pCI-neo (Promega, Madison, WI) digested with EcoRI and Notl. The 
10 resulting vector, designated pCI-neoATCAM-Ig was transfected into 
CHO-Kl (ATCC CCL 61) cells using calcium-phosphate DNA 
precipitation (Specialty Media, Lavalette, NJ). Stable VCAM-Ig 
producing clones were selected according to standard protocols using 
0.2-0.8 mg/ml active G418 (Gibco, Grand Island, NY), expanded, and cell 
15 supernatants were screened for IhlBir ability to mediate Jiurkat adhesion 
to wells previously coated with 1.5 ^g/ml (total protein) goat anti-hxmian 
IgG (Sigma, St. Louis, MO). A positive CHO-KIATCAM-Ig clone was 
subsequently adapted to CHO-SFM serum-free media (Gibco) and 
maintained under selection for stable expression of VCAM-Ig. VCAM- 
20 Ig was purified from crude culture supernatants by afELoity 

chromatography on Protein A/G Sepharose (Pierce, Rockford, IL) 
according to the manufactiu*er's instructions and desalted into 50 mM 
sodium phosphate buffer, pH 7.6, by ultrafiltration on a YM-30 
membrane (Amicon, Beverly, MA). 

25 

StepB. Preparation of ^I-VCAM-Ig. 

VCAM-Ig was labeled to a specific radioactivity greater that 
125 

1000 Ci/mmole with I-Bolton Himter reagent (New England Nuclear, 
Boston, MA; cat # NEX120-0142) according to the manufacturer's 
30 instructions.The labeled protein was separated from unincorporated 
isotope by means of a calibrated HPLC gel filtration coluron (G2000SW; 
7.5 X 600 mm; Tosoh, Japan) using uv and radiometric detection. 
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StepC. VCAM-Ig R inding Assay. 

Compounds of this invention were prepared in DMSO at 
lOOx the desired final assay concentration. Final concentrations were 
selected fi-om a range between 0.001 nM-100 jiM. Jurkat cells were 
5 centrifuged at 400xg for five minutes and resuspended in binding buffer 
(25 mM HEPES, 150 mM NaCl, 3 mM KCl, 2 mM glucose, 0.1% bovine 
serum albumin, pH 7.4). The cells were centrifuged again and 
resuspended in binding buffer supplemented with MnClj at a final 
concentration of 1 mM. Compounds were assayed in Millipore MHVB 
10 multiscreen plates (cat# MHVBN4550, Millipore Corp., MA) by making 
the following additions to duplicate wells: (i) 200 nL of binding buffer 
containing 1 mM MnCl,,; (ii) 20 of "'■^^I-VCAM-Ig in binding buffer 
containing 1 mM MaCl^ (final assay concentration - 100 pM); (iii) 2.5 ^iL 
of compound solution or DMSO; (iv) and 0.6 x 10® cells in a volume of 30 
15 jiL. The plates were incubated at room temperature for 30 minutes, 
filtered on a vacuum box, and washed on the same apparatus by the 
addition of 100 |iL of binding buffer containing 1 mM MnCl^. After 
insertion of the multiscreen plates into adapter plates (Packard, 
Meriden, CT, cat# 6005178), 100 pCL of Microscint-20 (Packard cat# 
20 6013621) was added to each well. The plates were then sealed, placed on 
a shaker for 30 seconds, and counted on a Topcount microplate 
scintillation counter (Packard). Control wells containing DMSO alone 
were used to determine the level of VCAM-Ig: binding corresponding to 
0% inhibition. Contol wells in which cells were omitted were used to 
25 detemine the level of binding corresponding to 100% inhibition. Binding 
of I-VCAM-Ig in the absence of cells was usually less than 5% of that 
observed using cells in the presence of vehicle. Percent inhibition was 
then calculated for each test well and the ICgo was determined &om a 
ten point titration using a validated four parameter fit algorithm. 

30 

EXAMPLE 



Antagonism of a^Rj Dependent Bin ding to VCAM-Ig FnsioTi Pr-«f..iTi 
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Step A. g ^P^Cell line . 

RPMI-8866 cells (a human B cell line a/^^'^^*; a gift from 
Prof. John Wilkins, University of Manitoba, Canada) were grown in 
5 RPMI/10% fetal calf serum/ 100 U penicillin/100 ^ig streptomycin/2 mM 
L-glutamine at ST^'C, 5 % carbon dioxide. The cells were pelleted at 1000 
rpm for 5 minutes and then washed twice and resuspended in binding 
buflFer (25 mM Hepes, 150 mM NaCl , 0.1 % BSA, 3 mM KCl, 2 mM 
Glucose, pH 7.4), 

10 

StepB. VCAM-Igr Binding Assay, 

Compounds of this invention were prepared in DMSO at 
lOOx the desired final assay concentration. Final concentrations were " 
selected from a range between 0.001 nM-100 |iiM. Compounds were 
15 assayed in MiUipore MHVB multiscreen plates (Cat# MHVBN4550) by 
making the following sequential additions to duplicate wells: (i) 100 
^1/well of binding buffer containing 1.5 mM MnCy (ii) 10 jil/well ^^^I- 
VCAM-Ig in binding buffer (final assay concentration < 500 pM); (iii) 1.5 
pl/well test compound or DMSO alone; (iv) 38 pJ/well RPMI-8866 cell 

20 suspension (1.25 x 10^ cellsA?7eIl). The plates were incubated at room 
temperature for 45 minutes on a plate shaker at 200 rpm, filtered on a 
vacuum box, and washed on the same apparatus by the addition of 100 
\iL of binding buffer containing 1 mM MnCLj. After insertion of the 
multiscreen plates into adapter plates (Packard, Meriden, CT, cat# 

25 6005178), 100 nL of Microscint^20 (Packard cat# 6013621) was added to 
each well. The plates were then sealed, placed on a shaker for 30 
seconds, and counted on a Topcoimt microplate scintillation counter 
(Packard). Control wells containing DMSO alone were used to 
determine the level of VCAM-Ig binding corresponding to 0% inhibition. 

30 Wells in which cells were omitted were used to determine the level of 
binding corresponding to 100% inhibition." Perc nt inhibition was then 
calcidated for each test well and the IC^^ was determined from a ten 
point titration using a validated foxir parameter fit algorithm. 
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WHAT IS CLAIMED IS: 



1. A method for the treatment of diseases, disorders, 
conditions or symptoms mediated by ceU adhesion in a mammal which 
5 comprises administering to said mammal an effective amomit of a 
compoTind Formula I: 



10 



R7 



I 

or a pharmaceutically acceptable salt thereof wherein: 

R^is 1) Ci-ioalkyl, 

2) C2-10alkenyl, 
^ 3) C2-10alkynyl, 

4) Cy, 

5) Cy-Ci-ioalkyl, 

6) Cy-C2-10alkenyl, 

7) Cy-C2.iOalkynyl, 

^ ^lierein alkyl, alkenyl, and alkynyl are bptionaUy substituted with one to 
four substituents independently selected from RS; and Cy is optionally 
substituted with one to four substituents independently selected from Rb; 

. R2 is 1) hydrogen, 

25 2) Ci.ioalkyl, 

3) C2-ioalkenyl, 

4) C2-ioal^ynyI, 

5) aryl, 

6) atyl-Ci.ioal^l, 
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1) 


-C(0)ORd, 


2) 


-P(0)(ORd)(ORe) 


3) 


^P(0)(Rd)(ORe) 


4) 


-S(0)mORd, 


5) 


-C(0)NRdRh, or 


6) 


-5-tetrazolyl; 


1) 


-C(0)-, 


2) 


.O-C(O)-, 


3) 


-NRe.C(0)-, 


4) 


-S(0)2-. 


5) 


-P(0)(OR4)or 


6) 


C(0)C(0); 



15 Z and A are independently selected from -C- and -C-C-; 

B is selected from tiie group consisting of 

1) a bond, 

2) -C- 
20 3) -C-C-, 

3) -C=C-, 

4) a heteroatom selected from the group consisting of 
nitrogen, oxygen, and sulfur; and 

5) -S(0)ni-. 

25 

2. A method of Claim 1 wherein in compounds of 

Formula I, 

Yis S(0)2; 

Rlis (1) Ci-ioalkyl, 

30 (2) Cy, or 

(3) Cy-Ci-io alkyl; 
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12) -C02(CRfElg)nC0NRdRe, 

13) -OC(0)Rd, 

14) -CN, 

15) -C(0)NRdRe 

5 16) -NRdC(0)Re, 

17) -OC(0)NRdRe, 

18) -NRdC(0)ORe, 

19) -NRdC(0)NRdRe, 

20) -CRd(N-ORe), 
10 21) -CFs, 

22) 0X0, 

23) NR<JC(0)NRd S02Ri, 

24) NRdS(0)mR«, 

25) .0S(0)20Rd or 
15 26) -OP(OXORd)2; 

Ry is Da group selected from R*, 

2) Ci-ioalkyl, 

3) C2-10 alkenyl,; 
20 4) C2-10 alkynyl, 

5) aryl Ci-ioallqrl, 

6) heteroaryl Cl-io alkyl, 

7) cycloalkyl, 

8) heterocyclyl; 

25 wherein alkyl, alkenyl, alkynyl and aryl are each optionally substituted 
with one to four substituents independently selected from R^; 

Cy is cycloalkyl, heterocyclyl, aryl, or heteroaiyl; 

30 m is an integer from 1 to 2; 

n is an integer from 1 to 10; 
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IS 



10 



15 



25 



30 





n oroTi 
Ujr UXUgeXi , 


2) 




3) 


C2.10alkenyl, 


4) 


C2-10allqaiyl, 


5) 


cyano, 


6) 


aryl, 


7) 


aryl Ci-ioalkyl, ' 


8) 


heteroaryl. 


9) 


heteroaryl Ci-iQalkyl, or 


10) 


-S02Ri; 



wherein alkyl, alkenyl, and al^joiyl are optionally substituted with one to 
fom- substituents independently selected from R^; and aryl and 
heteroaryl are each optionally substituted with one to four substituents. 
independently selected from R^; 



Ri 1) Cl-lOallqrl, 

2) C2-10alkenyl, 

3) C2-lOalkynyl, or 

4) aiyl; 

20 wher^ alkyl, alkenyl, all^yl and aryl are each optionally substituted 
with one to four substituents independently selected from R<^; 



RXis 1) 


-ORd, 


2) 


-N02. 


3) 


halogen 


4) 


-S(0)mR<l, 


5) 


-SRd 


6) 


-S(0)2,0R<J, 


7) 


-S(0)mNRdRe, 


8) 


-NRdRe, 


9) 


-0(CRfElg)nNRdRe, 


10) 


-C(0)Rd 


11) 


-G02Rd, 
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5) aiyl Ci.ioalkyl, 

6) heteroaiyl Ci-io alkyl, 

wherein altyl, alkenyl, alkjnayl, aryl, heteroaiyl are optionally 
substituted with a group independently selected from RC; 



1) 


halogen. 


2) 


N02. 


3) 


C(0)ORf, 


4) 


Ci-4aliyl, 


5) 


Ci-4alko^, 


6) 


aryl. 


7) 


aiyl Ci-4al^l, 


8) 




9) 


heteroaryl. 


10) 


NRfRg, 


11) 


NR£C(0)Rg, 


12 


NRfC(0)NRfRg, or 


13) 


CN; 



20 R<3 and are independently selected from hydrogen, Ci-iQaliyl, C2-10 
alkenyl, C2-10alkynyl, Cy and Cy Ci-iQalkyl, wherein alkyl, alkenyl, 
alkynyl and Cy is optionally substituted with one to four substituents 
independently selected from R^; or 

BA and R® together with the atoins to which they are attached form a 
25 heterocyclic ring of 5 to 7 members containing 0-2 additional 

heteroatoms independently selected from oxygen, sulftir and nitrogen; 

R^^and Rg are independently selected from hydrogen, Ci-iQalkyl, Cy and 
Cy-Ci-ioalkyl wherein Cy is optionally substituted with Ci-ioalkyl; or 
30 Rf and Rg together with the carbon to which they are attached form a 
ring of 5 to 7 members containing 0-2 heteroatoms independently 
selected from oj^ygen, sulfur and nitrogen; 



-97- 



wo 98/53814 




PCT/US98/10940 



3) C2-ioalkenyl, 

4) C2.ioalkynyl, 

5) aryl, 

6) aryl'Ci^ioalkyl, 

5 7) heteroaryl, 

8) heteroaryl-Ci^ioalkyl, 

wherein alkyl, alkenyl and alkynyl are optionally substituted with one to 
four substituents selected from Rx, and aryl and heteroaryl are 
optionally substituted with one to four substituents independently 
10 selected from BY; or 

R5 and the carbon to which they are attached form a 3-7 membered 
mono- or bicycUc ring containing 0-2 heteroatoms selected from N, O and 
S; 

15 

R6, R7, and R8 are each independently selected from the group 
consisting of 

1) a group selected from R<i, and 

2) a group selected from RX; or 

20 two of R6, r7, and R8 and the atom to which both are attached, or two of 
R6, R7^ and R8 and the two adjacent atoms to which they are attached, 
together form a 5-7 membered saturated or unsaturated monocychc ring 
containing zero to three heteroatoms selected from N, O or S, 

25 R^is 1) Cy, or 

2) a group selected from Rx; 
wherein Cy is optionally subsituted with one to four substituents 
independently selected from R^; 

30 Rb is 1) a group selected from R^, 

2) Ci-io alkyl, 

3) C2-10 alkenyl, 

4) C2-10 alkynyl. 
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7) heteroaryl, 

8) heteroaryl-Ci.io^^l^lj 

wherein alkyl, alkenyl, and alkynyl are optionally substituted with one to 
four substituents independently selected from R^; and aryl and 
5 heteroaryl optionally substituted with one to four substituents 
independently selected from R^; 

R^is 1) hydrogen, 

2) Ci.ioalkyl, 

10 • 3) Cy, or 

4) Cy-Ci-io alkyl, 

wherein ali^l is optionally substituted with one to four substituents 
independently selected from R^; and Cy is optionally substituted with 
one to four substituents independently selected from R^; 

15 

R^is 1) hydrogen, 

2) Ci-ioalkyl, 
3 C2.10alkenyl, 
4) C2.10alkynyl, 

20 6) Cy, 

6) Cy-Ci-ioalkyl, 

7) Cy-C2.10alkenyl, 

8) Cy-<32-10alkynyl, 

wherein alkyl, alkenyl and alkynyl are optionally substituted with one to 
25 four substituents selected from phenyl and Rx, and Cy is optionally 

substituted with one to four substituents independently selected from RY; 
or 

R3, R4 and the atoms to which they are attached together form a mono- 
or bicyclic ring containing 0-2 additional heteroatoms selected from N, O 
30 andS; / 

R^is 1) hydrogen, 

2) Ci.ioalkyl, 
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wherein alhyl is optionally substituted with one to two substituents 
independently selected fix>m Ra, and Cy is optionally substituted with 
one to four substituents independently sheeted from Rb. 

5 3. A method of Claim 1 wherein said cell adhesion is 

mediated by VLA-4. 

4. A method of Claim 1 wherein said disease is selected 
from asthma, allergic rhinitis, multiple sclerosis, atherosclerosis, 

10 infl a mm atory bowel disease and inflammation. 

5, A compound having the formula la: 



20 



25 



15 la 

or a pharmaceutically acceptable salt thereof, wherein 
Rl. R2. R3, R4, R5, r6, r7, X, B, and Z are as defined in Claim 1 with the 
proviso that R6/R7 is not 0x0 when attached to the carbon between N and 
B, and with the further proviso that when B and Z are each C, R2, r3, 
R6, and R7 are each H, then Rl is other than phenyl, 4-methylphenyl 
and 5-(NRdRe)naphthyl. 



S. 



6. A compoimd of Claim 5 wherein Z is C. 

7. A compound of Claim 5 wherein B is C, C=C, C-C or 
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8. A compound of Claim 5 wherein X is C(OX)Rd. 

9. A compoimd of Claim 5 wherein R1 is Ci-ioalkyl, Cy 
or Cy-Ci-ioalkyl wherein alkyl is optionally substituted with one to two 

5 substituents independently selected from Ra, and Cy is optionally 

substituted with one to four substituents indei>endently selected from Rb. 

10. A compound of Claim 5 wherein Rl is aiyl optionally 
substituted with one to four substituents selected from R^. 

10 

11. A compoimd of Claim 5 wherein R5 is H and R4 is Ci- 
10 alkyl or Cy-Ci-ioalkyl, wherein sJkyl is optionally substituted with one 
to four substituents selected from phenyl and Rx, and Cy is optionally 
substituted with one to four substituents independently selected from Ry; 

15 or R4, R5 and the carbon to which they are attached together form a 3-7 
membered mono- or bicyclic carbon only ring. 

12. A compoimd of Claim 11 wherein R4is phenyl-Ci-3 
alkyl, wherein phenyl is optionally substituted with one or two groups 

20 selected from Ry. 

13. A compound of Claim 5 having the formula lb: 




25 



lb 
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wherein R2 is H or Ci-6 alkyl, and Rl, R2, r3, r4 and R5 and X are as 
defined in Claim 5. 

5 14. A compound of Claim 13 wherin X is CO2H; Rl is 

aiyl optionally substituted with one to four substituents selected from R^; 
R2 is H; R3 H or C1.3 alkyl; R4 is phenyl-Ci-Salkyl, wherein phenyl is 
optionally substituted with one or two groups selected from RY; and R5 is 
H. 



10 



20 



15. A compoxmd of Claim 5 having the formula Ic: 




15 Ic 

wherein R2 is H or C1.3 eJkyl; R6 is H, Ci-6 alkyl, aryl, OR^, SR^, 
NRdRe or NRdC(0)Re; B is S, C=C, C or C-C; R3 is H or Gi-eallgrl, Rb 
and Ry are as defined in Claim 5. 



16. A compound of Claim 15 wherein B is C and Rb is 
halogen, Ci-ioalkojgr, cyano, or trifluoromethyl. 

17. A compound selected firom the group consisting of: 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-leucine; 
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N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-arginine; ' 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-glutainic add; 

N-(34-dimethoxyben2enesulfonyl)-l,2,3,4-tetrahydroisoqudnoline- 
3(S)-carbonyl-glycme; 

N-(3,4-dimethoxybenzenes\ilfonyl)-l,2,3,4-tetrahydroisoquinoKne- 
3(S)-carbonyl-(L)-(l-naphthyl)alanine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-a-t-butylglycine; 

N-<3,4-dimetlioxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-3-(2-thienyl)alanine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoliner 
3(S)-carbonyl-(L>-qyclohexylalanine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-3-(2-naphthyl)alamne; 

N-(3,3-diphenylpropanoyl)-l,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyl-(L)-norleucine; 

N-(2,4-dinitrobenzenesiilfonyl)-l,2,3,4-tetrahydroisoqumoline-3(S)- 
carbonyl-(L)-norleucine; 

N-(34-dimethoxyben2enesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-3,3-diphenylalanine; 

N-(34-dimetho3Eybexizenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 

3(S)-caj*bonyl-l,2,3,4-tetrahydroisoquinoline-3-carbo^lic acid; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-proline; 

N-dansyl-l,2,3,4-tetrahydroisoquinoline-3(S)-carbonyl-(L)- 
norleucine; 

N-(2-naphthalenesulfonyl)-l,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyl-(L)-norleucine; 

N-(4-methoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyl-(L)-norleucine; 
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N-(4-phenylbenzoyl)-l,2;3,4-tetrahydroisoquino^ 
(L)-norleucine; 

N-(3,4-dimethylbenzenesulfonyl)-l,2,3,4-tetrahydroisoqii^ 
3(S)-carbonyl-(L)-cysteiiie; 

N-(4-t-butylben2enesxdfonyl)-l,2,3,4-tetrahydroisoquinoKne-3(S)- 
carbonyl-(L)-norleucine; 

N-(2,5-dichlorobenzenesTilfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-norleucine; 

N-(2-mesitylenesxilfonyl)-l,2,3,4-tetrahydroisoquinoline-3(S> 
carbonyl-CD-norleucine; 

N-(p-toluenesulfonyl)-l,2,3,4-tetrahydroisoqumoUn^ 
(L)-norleucine; 

N-(4-chlorobenzenesulfonyl)-l,2,3,4-tetrahydroisoqxiinoU^ 
carbonyl-(L>-norleiicine; 

N-(N -ace1ylsulfanilyl)-l,2,3,4-tetrahydroisoqum 
carbonyl-(L)-norleucine; 

N'^(4-fluorobenzenesiilfonyl)-l,2,3,4-tetrahydroi8oquinol^ 
carbonyl-(L)-norleucine; 

N-(l-naphthalenesulfonyl)-l,2,3,4-tetrabydroisoquinoline- 
carbonyl-(L)-norleucine; 

N-(benzylsulfonyl)-l,2,3,4-tetrahydroisoquinoline-3(S)-carbo 
(D-norleucine; 

N-(4-mtTobeii2enesiilfonyl)-l,2,3,4-tetrahydroisoquinolin 
carbonyl-CD-norleucine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoqiiinoline- 
3(S)-carbonyl-(L)-phenylalanme; 

N-(3,4-dimethoxybeiizenesu]tfonyl)-l,2,3,4-tetrahycirois 
3(S)-carbonyl-(L)-glutaiiiine; 

N-(3,4-(iimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoq^ 
3(S)-carbonyl-(L)-(4-nitrophenyl)alamne; 

N-(3,4-dimethoxybenzenesidfonyl)-l,2,3,4-tetrahydroisoquinolm 
3(S)-carbonyl-(L)-asparagine; 
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N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-methiomne; 

N-(34-diinethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-homophenylalanine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(D)-norleucine; 

N-(3,4Hiimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline^ 
3(S)-carbonyl-(LH4-fluorophenyl)alanine; 

N-(3-toluenesulfonyl)-l,2,3,4-teti^ydroisoquinoline-3(S)-carbonyl- 
(L)-norleucine; 

N-(4-trifluoromethylbenzenesiilfonyl)-l,2,3,4- 

tetrahydroisoqmno]ine-3(S)-carbonyl-(L)-norleucine; 

N-(4-n-propylbenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline-3(S)- 
csurbonyl-CD-norleucine; 

N-(4-isopropylben2enesulfonyl)-l,2,3,4-tetrahydroisoqiiinolme-3(S)- 
carbonyl-(L)-norleucine; 

N-(2,6-dichlorobenzenesulfonyl)^l,2,34-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-norleucine; 

N-(4-ethylbenzenesulfonyl)-l,2,34-tetrahydroisoquinolme-3(S)- 
carbonyKD-norleucine; 

N-(2,4-difiuoroben2enesulfonyI)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-norleucine; 

N-(2-cyanobenzenesiilfonyl)-l,2,3,4-tetrahy<iroisoquinoline-3(S)- 
carbonyl-(L)-norleucine; " ' 

N-(4-tert-amylben2enesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-norleucine; 

N-(4-chloro-3-mtroben2enesulfonyl)-l,2,3,4- 

tetrahydroisoquinoline-3(S)-carbonyl-(L)-norleucine; 

N-(3-cyanobeiizoyl)-l,2,3,4-tetrahydroisoquinoline-3(S)-carbonyl- 
(D-norleiicine; 

N-(3,5-dichlorobeii2enesiilfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carboiiyKL)-norleucine; 
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N-(3,4-di<Morobenzenesiilfonyl)-l,2,3,4-teiTahydroisoquinoline- 
3(S)-carbon3r(L)-norleucme; 

N-(2-trifluoromethylbenzenesx3dfonyl)-l,2,3,4- 

tetrahydroisoqumoline-3(S)-carbonyl-(L)-norleucine; 

N-(2,3-dichlorobenzenesulfonyl)-l,2,3,4-teti-ahydroisoqiiinoline- 
3(S)-carbonyl-(L)-norleucine; 

N-(2,4-dichlorobenzenesvdfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-norleucine; 

N-(2,5-dimethoxybenzenesvilfonyl)-l,2,3,4-tetrahydroisoqiimoline- 
3(S)-carbonyl-(L)-norleucine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3;4-tetrahydroisoqiunoline- 
3(S)-carbonyl-(L)-serine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-isoleucine; 

N-(3,4-dimethaxybenzenesulfohyl)-l,2,3,4-tetrahydroisoquinol^ 
3(S)-carbonyl-(L)-ti7ptophaa; 

N-(2,l,3-benzothiadiazole-4-sulfonyl)-l,2,3,4- 

tetrahydroisoqiimoIine-3(S)-carbonyHL)-tz7ptophaii; 

N-(3,4-dimethoxybeiizenesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(S)-carbonyl-(L)-3-(3-pyridyl)alanine; 

N-(34-dimethoxybeiizenesulfonyl)-l,2,3,4-tetrahydroisoquinolme- 

3(S)-carbonyl-(L)-3-(2-naphthyl)alanine, ethyl ester; 

N-acetyl-l,2,3,4-tetrahydroisoquinoline-3(S)-carbonyl-(L)r 
norleucine; 

N-(3,4-dimethoiyben2enesulfonyl)-l,2,3,4-tetrahydroisoquinoline- 
3(R)-carbonyl-(D)-iiorleucine; 

N-propionyl-(L)-prolyI-l,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyl-(L)-norleucine; 

N-(4-cyanobenzenesulfonyl)rl,2,3,4-tetrahydroisoquinoline-3(S)- 
carbonyl-(L)-norleucine; 

N-(benzenesulfonyl)-l,2,3,4-tetrahydroisoquinoline-3(S)-carbonyl- 
(L)-norleucine; 
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N-(3-nitrobenzenesiilfonyl)-l,2,3,4-tetrahydroifloquinol^ 
carbonyl-(L)-norleucine; 

N-(3-trifluoromethylbenzenesulfonyl)-l,2,3,4- 
tetrahydroisoqiiinoline-3(S)-carbonyl-(L)--norleucine; 

~^-(2-thienylsulfonyl)-l,2,3,4-tetrahydroisoqvdnoline-3(S)^ 
(L)-norleucine; 

N-(3,4-dimethoxybenzenesulfonyl)-l,2,3,4-tetrahydroisoqmnolm 
3(S)-carbonyKL)-N-methylleucine; 

N-(3,4-dimetho^ben2enesulfonyl)-l,2,3,4-tetrahydroiso 
3(S)-carbonyl-(L)-citrulline; 

N-(4-iodobenzenesulfonyl)*l,2,3,4-tetrahydroisoquin 
carbonyl-(L)-norleucine; 

N-(3,5-dicUorobenzenesulfonylHL)-prolyl-G:j)-(3-iodo)t^ 

N-(3,5-dichlorobenzenesulfonylHL)-prolyl-(L)-3-(3-pyrid^ 

N-(3y5-dicUorobenzenesulfonyl)-(L)-prolyl-QL)-phenylalam 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-glutaimc acid; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-arginine; 

N-(N-(3,5-dichlorobenzenes\dfonyl)-(L)-prolyl)-l-amino 

cyclopentane-l-carboxylic acid; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyKL)-3-(3,4- 
dichlorophenyDalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3-(2- 
naphthyDalanine, ethyl ester; 

N-(3,5-dichibrobenzenesulfonyl)-(L)-prdlyl-(L)-3-(4- 
bromophenyl)alanine; 

N-(3,5-dichlorobeiizenesulfonyl)-(L)-prolyl-(L)-3-(4- 
nitrophenyDalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-3-(4- 
thiazolyDalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyKL)-3-(2- 
chlorophenyDalanine ; 

N-(3,5-dichlorobeiizenesxilfonyl)-(L)-prolyl-(L)-3-(4- 
chlorophenyDalanine; 
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N-(3,5-dichlorobeii2enesulfonylHL)-prolyl-(L)-3-(4- 
cyanophenyDalanine; 

N-(3,5-dichloroben2enesiilfonylML)-prolyl-(L)-tyrosiM O-sulfate; 

N-(3,5>dicMoroben2enesulfonyl)-(L)-prolyl-(L)-3,5'duodot3a -Qsme; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-tyrosine; 

N-(3 ,5-dichlorobenzenestilfonyl)-(L)-prolyl-(L)-aspartic acid; 

N-(3,5-dichlorobeii2enesulfonyl)-(L)-prolyI"(L)-tryptophan; 

N-(3,5-dichloroben2enesiilfonyl)-(L)-prolyl-(L)-methioiiine; 

N-(3,4-dimethoxyben2enesidfonyl)-(L)-prolyl-(L)-norleucine; 

N-(3,5-di(trifluoromethyl)ben2enesulfonyl)-(L)-prolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3,4-dimetho3grben2enesulfonyl)-(L)-thiaprolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3,4Hiimetho3qrbenzenesulfonyl)-(L)-thiaproly^ 
N-[4-(N'-2-toluylureido)phenylacetyl].(L)-tMapr^^ 
naphthyDalanine; 

N-(3,5-dichlorobenzenesiilfonyl)-(L)-thiaprolyl-(L)r3^2- 
naphthyDalanine; 

N-(3,4-dimetho^benzenesuIfonylHL)-pipecolyl-(L)«norleucine; 

N-(3,4-dimethoxybenzenesulfonyl)-(L)-pipecolyl-(L)-norleucine, 
ethyl ester; ^ 

N-(3,5-dichlorobenzenesiilfonyl)-(L)-pipecolyl-(L)- 
homophenylalanine; 

N-(3,5-dichloroben2enesiilfonyl)-(L)-pipecolyl-(L)-(3-iodo)tyrosine; 

N-(3,5-dichlorobenzenesulfonylHL)-pipecolyl-(L)-3-(2- 

naphthyDalanine; 

N-[4-(N'-2-toluylureido)phenylacetyl]-(L)-pipecoliny(L)-3-(2- 
naphthyDalanine; 

N- [3 ,5-di(tri£luoroniethyl)benzenesulfonyl)] -.(L)-pipecolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3,4-dimethoxybenzenesulfonylHL)-pipecolyKL)-3-(2- 
naphthyDalanine, ethyl ester; 
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N-(3,4-dimethoxybenzenesulfonyl)-(L>octahydroisoquinoline-3- 
carbonyl-CD-norleucine; 

N-(3,4-dimethoxybenzenesulfonyl)-azetidine-2-carbonyl-(L)- 
norleucine; 

N-(3,5-dichloroben2enesulfonyl)-(L)-4(S>hydroxyprolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3,4-dimethoxybehzenesulfonyl)-(L)-4(S)-hydro3gTjrolyl-(L)- 
norleucine; 

N-(3,4-diinetho3grben2enesulfonyl)-(L)-3,4-dehydroprolyl-(L)- 
norleucine; 

N-(3-bis(N,N-beiu?enesidfonyl)anunobenzenesulfonyl)-(L)-prolyl- 
(L)-norleucizie; 

N-(3,5-dicWoroben2enesulfohylHL)-prolyl-(L)-3<4-pyiidyl)alamne; 

N^3,5-dichlorobeii2enesulfonyl)-(L)-4(R)-aminoprolyl-(L)-3-(2- 
naphthyl)alamne; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-3,4-dehydroprolyl-(L)-4- 
fluorophenyl alanine; 

N-(3-chloroben2ehesulfonyl)-(L)-prolyl-(L)-4-fluorophenylalanine; 

N-(3,5-dicUorobenzenesulfonylHL)-4(R)-hydro3QT>rolyl-(L)-4- 

fiuorophenylalanine; 

N-(3 ,5-dichloroben2enesulfonyl)-(L)-thiaprolyl-(L)-tyrosine; 
N-(3,5-dichlorobenzenesulfonyl)-(L)-thiaprolyl-(L)-3-iodotyrosine; 
N-(3-£luorobenzenesulfonyI)-(L)-thiaprolyl-(L)-3-(2- 
naphtliyDalanine; 

N-(3-fluorobenzenesulfonyl)-(L)-pipecolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3-fluorobenzenesulfonyl)-(L)-thiaprolyl-(L)-4- 
fluorophenylalanihe; 

N-(3-fluorobenzenesulfonyl)-(L)-prolyl-(L)-4-fluorophenylalanine; 

N-(3-chlorobenzenesulfonyl)-(L)-3,4-dehydroprolyl-(L)-4- 

fiuorophenylalanine; 

N-(3-fluorobenzenesulfonyIML)~4(R)-hydroxyprolyl-(L)-4- 
fiuorophenylalanine; 
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N-(3-chlorobenzenesulfonyl)-(L)-4(R)-hydro3Qrprolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dicUorobenzenesulfqnyl)-(L)-pipecolyl-(L)-4- 
fluorophenylalanine; 

N-(3-fluorobenzenesulfonyl).(L)-3,4-dehydroprolyl-(L)-tyrosine; 

N-(4,5-dichloro-2-thiophenestilfonyl)-(L)-prolyl-(L)-tyrosine; 

N-(3-fluorobenzenesulfonyl)-(L)-4(R)-hydroxyprolyl-(L)-tyrosine; 

N-(3-chlorobenzenesulfonyl)-(L)-4(R)-hydroxyprolyl-(L)-tyrosine; 

N-(3-fluoroben2enesulfonyl)-(L)-pipecolyl-(L)-4- 

fluorophenylalanine; 

N-(3-fluorobenzenesulfonyl)-(L)-4(R)-hydroxyprolyl-(L)-tyrosine, O- 
tert-butyl etiien 

N-(3-chlorobenzenesulfonylHL)-4(R)-hydroxyprolyl-(L)-tyrosine, 
O-tert-butyl ether; 

N-(4,5^chloro-2-thiophenestilfonyl)-(L)-3,4-dehydroprolyl-(L)- 
tyrosine 

N-(3,5-didJorobenzenesulfonyl)-(L)-3(S)-methyl-prolyl-(L)-4- 
fluorophenylalanine; 

N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-3,4-dehydroprolyl-(L)- 

tyrosine; 

N-(3-fluorobenzenesulfonyl)-(L)-3,4-dehydroprolyl-(L)-tyrosine, O- 
tert-butyl ethei^ 

N-(3-chlorobenzenesulfonyl)-(L)-3,4-dehydroprolyKL)-tyrosme, O- 
tert-butyl ether; 

N-(3-chlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-4- 
fluorophenylalanine; 

N-(3-chlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-tyrosine; 

N-(3-chlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-tyrosine, O- 
tert-butyl ether; 

N.(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)- 
tjrrosine; 

N-(3-fluorobenzenesulfonyl)-(L)-prolyl-(L)-3-iodotyrosine; 
N-(3-chlorobenzenesulfoiiyl)-(L)-prolyl-(L)-3-iodotyrosine; 
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N-(3-fluorobenzenesulfonyl)-(L)-prolyl-(L)-3-phenylalanine; 

N-(3-chlorobenzenesulfonyl)-(L)-prolyl-(L)-phenylalanirie; 

N-(3,5-dicUorobenzenesulfonyl).(L)-prolyl-CL)-phenylalanine; 

N-(3-fluorobenzenesulfonyl)-{L).4(R)-hydroxyprolyl-(L 

phenylalanine; 

N-(3-chlorobenzenesulfonyl)-(L)-4(R).hydroxyprolyH^^ 
phenylalanine; 

N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-3,4-dehydroprolyl-(^^ 
pyridyDalanine; 

N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-thiaprolyl-(L)-3-(4- 
pjnridyDalanine; 

N-(4,5-dicWoro-2-thiophenesulfonyl)-(L)-3,4-dehydroprolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)r4(R)-hydroi^rolyl-(L^^ 
phenylalanine; 

N-(3-trifluoromethylbenzenesulfonyl)-(L)-prolyl-(L)-4- 
fluorophenylalanine; 

N-(3-tri£luoromethylbenzenesulfonyl)-(L)-thiaprolyl-(L)-4- 
fluorophenylalanine; 

N-(3-fluorobenzenesulfonylHL)-3,4-dehydroprolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesiilfonyl)-(L)-prolyl-(L)-tyrosine, O- 
phosphoric acid; 

N-(3-cUorobenzenesiilfonyl)-(L)-4(R)-aminoprolyl-(L)-tyrosine; 
N-(4,5-dicWoro-2-thiophenesulfonyl)-(L)-thiaprolyl-(L)-tyros 
N-(Ni-methyl-4-imidazolesulfonyl)-(L)-prolyKL)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(D)-prolyl-(D)-4- 
fluorophenylalanine; 

N-(4,5-dichloro-2-thiophenesulfonylHLM(R)-aminoprolyl-(L)-3-(^^^ 
pyridyDalanine; 

N-(5-(5-ti^uoromethyl-2-p3nddylsulfonyl)-2-thiophen€sulfony 
prolyl-(L)-4-fluorophenylalanine; 
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N-(5-(N-<4-cWoroben2oyl)aininomethyl))-2-thiophenesulfonyl)-(L)- 
prolyl-(L)-4-fluorophenylalamne; 

N-(5-(3-(l-methyl-5-trifluoromethyl-pyrazpyl))-2- 

thiophenesulfonyl)-(L)-prolyl-(L)-4-fluorophenylalanine; 

N-(3-£luorobenzenesulfonyl)-2(S)-methylprolyl-(L)-0-tert-butyl- 
tyrosine; 

N-(3-fluorobenzenesulfonyl)-(L)-4(R)-ammoprolyl-(L)-4- 
fluorophenylalanine; 

N-^3,5-dichlorobenzenesulfbnylML)-4(R)-aimnoprolyl-(L)-4- 
fluorophenylalanine ; 

N-(3-chlorobenzenesulfonyl)-(L)-4(R)-aininoprolyl-(L)-4r. 
fluorophenylalanine; 

N-(3,5-dicWorobenzenesulfonylML)-4(S)-amindprolyl-CL)-4- 
fluorophenylalanine; 

N-(3-chlorobenzffliesulfonyl)-(L)-thiaprolyl-(L)-4- 
fluorophenylalanine; 

N-(4-bromo-5-chloro-2-thiophenesulfonyl)-(L)-prolyl-(L)-4- 
fluorophenylalanine; 

N-(4,5-dichloro-2-thiophenesiilfonyl)-(L)-prolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichloroben2enesulfonylHL)-thiaprolyl-(L)-3,5- 
diiodot3a'osine; 

N-(5-benzoylaminomethyl-2-thiophenesuIfonyl)-(L)-prply^^^ 
fluorophenylalamne; 

N-(3-chlorobeiizenesulfonyl)-(L)-prolyl-a)-0-tert-butyl-tyrosme; 

N-(5-benzenesulfonyl-2-thiophenesulfonyl)-(L)-prolyl-(L)-4- 
fluorophenylalanine; 

N-(3-bromo-5-chloro-2-thiophenesulfonyl)-(L)-prolyl-(L)-4- 
fluorophenylalanine; 

N-(3-chlorobenzenesulfonyl)-(L)-3,4-dehydroprolyl-(L)-tyrosine; 

N-(3,5-dichlorobenzenesnlfonyl)-(L)-prolyl-(L)- 

homophenylalanine; 
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N-(4-beiizenesulfonyl-2-thiophenesulf6iiyl)-(L)-prdlyl-(L)-0-tert- 
butyl-tyrosine; 

N-(5-benzoylaminomethyl-2-thiopheiiesulfonyl)-(L)-prolyl-(L)-0- 
tert-butyl-tyrosine; 

N-(trans-2-phenyl-ethylene-sulfonyl)-(L)-prolyl-(L)-0-tert-butyl- 
tyrosine; 

N-(5-benzenesulfonyl-2-thiophenesuIfonyl)-(L)-prolyl-(L)-0-tert- 
butyl-tyrosine; 

N7(3-fluorobenzenesulfonyl)-(L)-thiaprolyl-(L)-0-tert-butyl- 
lyrosine; 

N-(benzylstjlfonyl)-(L)-prolyl-(L)-0-tert-butyl-<yrosine; 

N-(3,5-dichlorobeiizenesulfonyl)-(L)-prolyl-(L)-C3rsteine, amide; 

N-(l-metiiyl-4-iimdazolylsidfonyl)-(L)-pTOlyl-(L)-0-tert-butyl- 
tyrosine; 

N-(4-(N-(4-dimethylaminophenyl)diazo)-benzenesulfonyl)-(L)- 
prolyl-(L)-0-tert-butyl-tyrosine; 

N-(5-(4-trifluoromethylbeii2enesulfonyl)-2-thiophenesulfonyl)-(L)- 
prolyl-(L)-0-tert-butyl-tyrosine; 

N-(3-bromobenzenestalfonyl)-(L)-prolyl-(L)-0-tert-butyl-tyrosine; 
N-(4-methylsulfonyl-benzenesulfonyl)-(L)-prolyl-(L)-4- 
fluorophenyl alanine ; 

N-(4-methoxybenzenesulfonyl)-(L)-prolyl-(L)-0-tert-butyl-tyrosine; 

N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-prolyl-(L)-3- 

fluoFophenylalanine; 

N-(5-chlbro-2-thiophenesulfonyl)-(L)-prolyl-(L)-4- 
fluorophenylalanine; 

N-(3-chlorobenzenesulfonyl)-(L)-thiaprolyl-(L)-tyrosine; 

N-(3,5-dichlor6benzenesulfonyl)-(L)-2(S)-methylprolyI-(L)-0-tert- 
butyl-tyrosine; 

N-(l(RM+)-10-caniphorsulfonyl)-(L)-prolyl-(L)-O-tert-butyl- 
tyrosine; 

N-(l(S)-(+)-10-camphorsulfonyl)-(L)-prolyl-(L)-O-tert-butyl- 
tyrosine; 
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N-(3,4-methylenediojQr-phenylacetyl)-(L)-prolyl-(L)-0-tert-butyl- 
tjnrosine; 

N-(3-chlorobenzenesxdfonyl)-(L)-4(R)-hydroxyprolyl-(L)-tyrosine-0- 
sulfate; 

N-(3-chlorobenzenesulfonyl)-(L)-thiaprolyl-(L)-tyrosine-0-siilfate; 
N-(3,5-(lichlorobenzenesxilfonyl)-(L)-prolyl-(L)-cysteine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-N-inethyl- 
isoleucine; 

.N-(3,5-dichloroben2enesiilfonyl)-(L)-4(R)-aminoprolyl-(L)-0-tert- 
butyl-tyrosine; 

N-(3-chlorobenzenesiilfonyl)-(L)-4(R)-aininoprolyl-(L)-0-tert-butyl- 
tyrosine; 

N-(3-<^anobenzenesiilfonyl)-(L)-prolyl-0L)-tyrosine; 
N-benzenesuIfonyl-<L)-prolyl-(L)-0-tert-butyl-tyrosme; 
N-(4-methylsulfonylbenzenesulfonyl)-(L)-prolyl-(L)-0-tert-butyl- 
tyrosine; 

N-(4,5-dichloro-2-thiophenesulfonyl)-(L)-4(R>-aininoprolyl-(L)-0- 
tert-butyl-tyrosine; 

N-<4,5-dichloro-2-thiophenesulfonyl)-(L)-4(R)-aminoprolyl-(L)-4- 
fluoropbenylalanine; 

N-(9-fluorenylmethyloxycarbonyl)-(L)-prolyl-(L)-phenylalanine; 

N-(benzenesulfonyl)-(L)-prolylr(L)-phenylalamne; 

N-(n-octyl-l-sxilfonyl)-(L)-prolyl-(L)-phenylalanine; 

N-(3-fluorobenzenesulfonylML)-5(R)-phenyl-prolyl-(L)-4- 

fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-3(R)-phenyl-prolyKL)-4- 
iodophenylalanine; 

N-(3,5-dichloroben2enesulfonyl)-l,2,34-tetrahydroisoqviinoline-l- 
carbonyl-(L)-4-fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-l,3-dihydro isoindolyl-l-carbonyl- 
(L)-4-fluorophenylalanine; 

N-(4-(fluorescien-4-carbonylamino)benzene sulfonyl)-(L)-prolyl- 
(L)-0-tert-butyl-tyrosine; 
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N-(3-ethoxycarbonyl-benzenesiilfonyl)-(L)-prolyl-(L)-0-tert-butyl- 
tyrosine; 

N-(4-iodobenzenesiilfonyl)-(L)-prolyl-(L)-4-benzoyl-phenylalanine; 

N-(3-(4-benzophenonyl-carbonylamino)-beiizenesnlfonyl)-(L)- 

prolyl-(L)-0-tert-butyl-tyrosine; 

N-(3-(6-(biotinylamino)-n-hexanoyl)-aininobenzenesulfonyl)-(L)- 
prolyl-(L)-0-tert-butyl-1yrosme; 

N-(3,5-dichlorobenzenesulfonyl)-[i3.1.0]-3-azabicyclohexane-2- 
carbonyl-(L)-4-fluorophenyIala]iine; 

N-(3,5-dichlorobenzenesulfonyl))-(L)-prolyl-Gj)-3-(2- 
naphthyDalanine; 

N-(4-(N*-2-toluylureido)phenylacetyl-(L)-prolyl-(L)-norleucine; 
N-(3,4-dimethQxybenzoyl)-(L)-prolyl-(L)-norleucine; 
N-(3,4-di]nethozybenzenesulfonyl))-(L}-pipecolyHL)-t]7ptop 
N-(4-nitrobenzenesulfonyl))-(L)-prplyl-(L)-norleucine; 

N-[3,5-di(trifluoromettiyl)ben2enesulfonyl)]-(L)-prolyl-(L)- ' 
norleucine; 

N-(3,5-dichloroben2enesulfonyl))-(L)-prolyl-(L)-norleucine; 

N-(3-trifluoromethylben2enesulfonyl))-(L)-prolyl-(L)-norleucine; 

N-[4-(benzoylamino)ben2enesulfoiiyl))-(L)-prolyl-(L)-norleucine; 

N-(4-methoxy-3,5-dinitrobenzenesulfonyl)-(L)-prolyl-(L)-norleucine; 

N-(3-chlorobeiazenesulfonyl))-(L)-prolyl-(L)-norleucine; 

N-(3-trifluoromethylbeiizenesulfonyl))-(L)-prolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3-iutrobenzenesulfonyl))-(L)-prolyl-(L)-norleucine; 

N-(3-cyanobenzenesulfonyl))-(L)-prolyl-(L)-norleucine; 

N-(3,5-dichlorobenzenesulfonyl))-(L)-prolyl-(L)-tryptophan; 

N-(3-methylbenzenesulfonyl))-(L)-prolyl-(L)-norleucme; 

N-(3,5-dichlorobenzenesulfonyl))-(L)-3(S)-methyl-prolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3-chlorobenzenesulfonyl)-(L)-prolyl-(L)-3-(2-naphthyl)alamne; 
N-(3-fluoroben2enesulfonyl))-(L)-prolyl.(L)-3-(2-naphthyl)alaiiine; 
N-phenylacetyl-(L)-prolyHL)-3-(2-naphthyl)alanine; 
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N-(3-phenylpropionyl)-(L)-prolyl-(L)-3-(2-naphthyl)alanine; 
N-(phenylaminocarbonyl)-(L)-prolyl-(L)-3-(2-naphthyl)alanine; 
N-(3,5-dicUorobenzenesulfonyl))-(L)-2-methyl-prolyl-(L)-3-(2- 
naphthyD-alanine; 

N-(benzenesulfonyl)-(L)-prolyl-(L)-3-(2-naphthyl)alanine; 
N-(4-N'-phenylureidobenzenesulfonyl)-(L)-prolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3-fluorobenzenesulfonyl)-(L)-5,5-diinethyl-prolyl-(L)-3-(2- 
naphthyl)alanine; 

N-(4-N'-(2-toluyl)ureidobenzenesiilfonyl)-(L)-prolyl-(L)-3-(2- 
naphthyDalanine; 

N-(3-fluorobenzenesiUfonyl)-(L)-prolyl-(L)-4-iodophenylalani 

N-(4-N'-ben2ylureidoben2enesulfonylHL)-prolyl-(L)^3<2- 

naphthyDalanine; 

N-(phenyloxalylML)-prolyl-(L)-3-(2.naphthyl)alaiiine; 
N-(benzylaimnocarbonyl)-(L)-prolyHL)-3-(2-naphthyl)alani^^ 
N-(3-fluorobejizenesulfonylML)-2(S)-methyl-prolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dicUorobenzenesulfonyl)-(L)-2(S)-methylrprolyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-phenylalaninamide- 
N-methylsulfonamide; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-inethyl-prolyl-(L)-4- 
iodophenylalanine; 

N-(3-fluorobenzenesiilfonyl)-(L)-prolyl-(L)-phenylalanine; 
N-(3,5-dichlorobenzenesulfonyl)-(L)-5-raethylprolyl-(L)-4- 
fluorophenylalanine ; 

N-(3,5-dichlorobenzenesulfonyl)-3-phenylazetidinylcarbonyl-(L)-4- 
fluorophenylalanine; 

N-(3,5-dichlorobenzenesxilfonyl)-(L)-2(S)-allylprolyKL)-4- 
fluorophenylalanine ; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyKL)- 
phenylalanine; 
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N<3-trifluoromethylbenzenesulfonyl)-(L)-2(S)-methyl-^^ 
nitro-phenylalanine; 

N-(3,5-dichloroben2enesiilfonyl)-(L)-3(R)-methyl-prolyl-(L)^^ 
fluorophenylalanine; 

N-(3,5-dicWorobenzenesulfonyl)-(L)-2(S)-methyl-prolyHL)-4^ 
cyanophenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl.(L)-4- 
(aminocarbonyl)-phenylalaiune; 

N-(3,5-dicUoroben2enesulfonyl)-(L)-3(R)-methyl-prolyH^^ 
butoxycarbonyla2ninomethyl)-phenylalanine; 
N-(3,5-didilon>beiizenestdfonyl)-(L)-3(R>me&^ 
(aminomethyD-phenylalaxiihe; 

N-(3-trifluoromethylphenylsxalfonylML)- 2(S)-methyl.prolyl-(L)-4- 
acetaminophenylalanine; 

N-(3-trifluoromethylphenylsulfonylHL)-2(S)-methyl-^^ 
(N'-(2-toluyl)ureido)phenylalanine; 

N-(3-trifluoromethylphenylsailfonyl)-(L)-2(S)-methy^ 
(N'-(4'-fluorophenylsulfonyl)ureido)phenylalanine; 
N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl-proIyl^ 
(ethoxycarbonyDaminophenylalanine; 

N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl-proly^ 

(N'-(2-toluyl)xireido)phenylacetyl)aininophenylalamne; 

N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl-prolyHL^ 

fluorophenylsulfonyl)aminophenylalaniiie; 

N.(3-trifluoromethylphenylsiilfonyl).(L)-2(S)-methyl^ 

(phenylacetyDaminophenylalanine; 

N-(3-trmuoromethylphenylsxilfonyl)-(L)-2(S).methyl-^^^ 
fluorobenzoyl)aininophenylalanine; 

N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl-prol^^ 
(isobulyloxycarbonyl)aminophenylalamne; 
N-<3.trifluoromethylphenylsidfonylML)-2(S)-methyl.^^^ 
methylsulfonylaminophenylalanine; 
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N-(3-trifluoromethylphenylsulfonyl)-(L)-2(S)-methyl-pro^ 

(N'-(4-fluorophenyl)tireido)phenylalanme; 

N-(3-trifluoromethylben2enesiilfonyl)-(L)-2(S)-methyl-prol^^^ 

(N-(l,l-dioxo-l,2-isotliiazolidinyl)-phenylalamne; 

N-(3-trifluoromethylphenyls\ilfonyl)-(L)-2(S)-methyl^ 

(N-(4-(2-oxo-l-p3nTolidinyl)-phenylalamne; 

N-(3,5-dichoroben2enesulfonyl)-(L)-prolyl-(L)-4-(4'- 

£luorobeiizoyl)phenylalanine; 

N-(3,5-dichlorobenzenesiilfonyl)-(L)-prolyl-(L)-4'-(2- 
methoxybenzoyDphenylalanine; 

N-(3,5-dichorobenzenesiilfonyl)-(L)-2(S)-methyl-prolyl-0L) 
fluorobenzoyDphenylalaxiine; 

.N-(3,5-dicUorobeiizenesulfonyl)-(L)-prolyl.(L)-4-(4- 
fiuorobenasyl)phenyl alanine; 

N-(3,5-dicWoTObenzenesulfonyl)-(L)-prolyl-(L)-4-^(2- 
inethoxybenzyDphenylalanine; 

N-(3,5-dichlorobeiizenesulfonyl)-(L)-prolyHLM-(2-mtroph^ 
phenylalanine; 

N-(3,5-dichloroben2enesulfonylHL)-prolyl-(LM-(4-nitr^^ 
phenylalanine; 

N-(3,5-dicUorobenzenesulfonylKL)-2(S)-methyl-prolyl-(LM-( 
nitrophenoxy)-phenylalanine; 

N-(3,5-dicmorobenzenesulfonyl)-(L)-prolyl-(L)-4-(2-aminophenoxy)- 
phenylalanine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl.(L)-4-(2- 
acetylaminophenoxy)-phenylalanine; 
N-(3,5-<iicMorobenzenesulfonyl)-(L)-prolyHL)-4-(4- 
acetylaminophenoxy)-phenylalanine; 

N-(3,5-dichlorobenzenesulfonyl).(L)-2(S)-methylprolyHL)-4-(^^ 
acetylaminophenoxy)-phenylalanine; 

N-(3,5-dichlorobenzenestilfonyl)-2-(S)-methyl-(L)-prolyl-4-(2- 
cyanophenoxy)-phenylalanine; 
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N-(3,5-dichlorobenzenesulfonyl)-2-(S)-methyl-(L)-prolyl-4-(4- 
cyanophenoxy)-phenylalanine; 

N-(3,5HiichloTObexizenesidfonyl)-(L)-prolyl-(L)-0-tert-butyl-1yrosine 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-methyl-tyrosine; 

N-(3,5-dicUorobenzenesulfonyl)-(L)-prolyl-(L)-0-benzyl-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-n-butyl-tyrosine; 

N-(3,5-dicMorobe]izenesulfonyl)>(L)-prolyl-(L)-0-cyanomethyl- 
tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-pr6lyl-(L)-0-(2-metho;Qrethyl)- 
lyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyHL)-0-(2-etbo3qrethyl)- 
tyrosine; 

N-(benzenesulfonylML)-prolyl-(L)-0-(2-methoxyethyl)-tyrosine; . 
N-(benzenesulfonylML)-prolyl-(L)-0-(2-ethoxyethyl)-tyrosine; 
N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyl-(L)-0-(l- 
pyrrolidinylcarbonyD-tyrosine; 

N-(ben2enesulfonyl)-(L)-prolyl-(L)-0-(l-pyrrolidmylcarbonyl)- 
tyrosine; 

N-(3,5-dichlorobeiizenesulfonyl)-(L)-prolyl-(L)-0-(tert-butyl acetate)- 
tyrosine; 

N-(3,5-dichloroben2enesulfonyl)-(L)-proiyl-(L)-0-(4-morpholinyl- 
carbonyD-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-prolyr-(L)-0-(l-(2-propanonyl)- 
tyrosine; . . 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-0-(l- 
pyrrolidinylcarbonyD-tTfosine; 

N"<3,5-dicmorobenzenesulfonyl)-(L)-2(S)-methyl-prolyl-(L)-0-(tert- 
butyl acetate)-tyrosme; 

N^3,5-dichlorobenzenesulfonyl)-(L)-2(S)-inethyl-prolyl-(L)-0-(2- 
ethoxyethyD-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L>prolyl-(L)-0-(acetic acid)- 
iTTosine, methyl ester; 
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N-(3,5-<lichlorobeiizenesulfonyl)-(L)-prolyl-(L)-0-(aceti acid)- 
tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-metiiyl-prolyl-^^ 
propanonyD-tyrosine; 

N-(3,5-dicUorobenzenesiilfonyl)-(L)-2(S)-methyl-prolyl-^ 
P3rixoli(iinyIcarbonyl)-tyrosine, methyl ester; 

N-(3,5-dichlorobenzenesiilfonyl)-(L)-2(S)-methyl-prolyH 
morpholinyl-carbonyD-tyrosine; 

N-(3,5-dichlorobenzeiiesulfonyl)-(L)-prolyl-(L)-0-(2- 
P3nTolylcarbonyl)-iyrosine; \ 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S}-methyl-prolyHL)-0-(^ 

phenyl-N-methylaminocafbonyl)-tyrosine; 

N-(3,5-dichlorobenzenesulfonyl)-(L)-2(S)-methyl-prol^^^ 

diethyl-aminocarbonyD-tyrosine; 

N-(3-chlorbben2enesulfonyl)-<L)-2(S)-methyl.prol^^^ 

xnorpholinyl-carbonyD-lr^osine; 

N-(3,5-dichlorobenzenesulfonylML)-2(S)-methyl-prolyH 
diisopropyl-aminocarbonyD-tyrosine; 

N-(3,5-cKchlorobenzenesulfonylHL)-prolyl-(L)-0-(beiM 

N-(3,5-dicUorobenzenesulfonylHL)-prolyl-(L)-0-(cyclopentanoyl)- 
tyrosine; 

N-(3,5-dichlorobenzenesulfonylML)-prolyl-(L)-0-(5- 
tetrazolyl)methyl-t3rrosine; 
N-(3,5-dichlorobeiizenesulfonylHL)-2(S)-methy 
benzyl-histidine; 

N-benzenesulfonyl-(L)-prolyl"2-amino-2-norbornanecarboxylic acid; 
N-benzenesulfonyl-(L)-prolyl-3(R)-methyl-phenylalaiiine; 
N-benzenesxilfonyl-(L)-prolyl-(L)-2,3-methano-phenylalanme; 
N-benzenesxilfonyl-(L)-prolyl-(D)-2,3-methano-phenylalanine; and 
N-(3,5-dichlorobenzenesiilfoiiyl)-(L)-2(S)-inethyl-prolyKL)-4-(5- 
((lH,3H)-l,3-dimethylpyrimidine-2,4-dione))-phenylalanine. 
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18. A method for the treatment of diseases, disorders, 
conditions or sjrmptoms mediated by cell adhesion in a mammal which 
comprises a dminis tering to said mammal an effective amount of a 
compoimd of Claim 5. 

19. A method for the treatment of asthma, allergic 
rhinitis, multiple sclerosis, atherosclerosis, inflammatory bowel disease 
or i nfl a mm ation in a mammal which comprises administering to said 
mammal an effective amount of a compound of Claim 5. 

20. A phaumaceutical composition which comprises a 
compound of Claim 5 and a pharmaceutically acceptable carrier thereof. 
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472, 492. 503. 950. 953 

B. FIELDS SEARCHED 

Mtntmum documentation searched , 
Classincation System: U.S. 

514/210. 231.5, 237.5. 237.8, 238.2, 255. 277, 307, 309, 323, 343. 369. 372. 381. 382, 393. 397. 398, 415. 419; 544/141, 
158. 337. 406; 546/141. 146. 201. 262, 276.4; 548/182. 188. 189. 206. 213. 214. 251. 252. 254. 303.1. 338.1. 469, 470. 
472.492, 503, 950,953 

B. FIELDS SEARCHED 
' Electronic data bases consulted (Name of data ba.se and where practicable terms tised): 

APS. CAS ONLINE. MEDLINE, BIOSIS 

search terms: beterocycl?. sulfonamid?. sulphonamid?, carboxamid?. cell (L) adhesi?(L)tnbibit?. metasta?. cancer?, 
oncol? ' 

BOX jl. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be searched, tlie appropriate additional search fees 
must be paid: 

Group I, claims 5 and 17. drawn to compounds of fonnulae I, la, lb and Ic having pyrrolidine as the only heterocyclic 
substituent 

Group II, claims 5 and 17, drawn to compounds of fnmiulae I. la. lb and Ic having tetrazole as a heterocyclic 
substituent. 

Group III. claims 5 and 17. drawn lo compounds of fonnulae I. la, lb and Ic having morpholine as a heterocyclic 
substituent. 

Group (V, claims 5 and 17. drawn lo comp(HiuJ.s of formulae I, la. lb and Ic having thiazoltdine or isothiazolidine. 

Group V, claims 5 and 17. drawn to compounds of formulae 1. la, lb and Ic having biotin as a heterocyclic substituenL 

Group VI, claims 5 and 17. drawn lo compounds of fonnulae I, la, lb and Ic having indole or isoindole as a heterocyclic 
substituent. - 

V 

Group Vll. claims 5 and 17. drawn to comptiunds of fonnulae I. la, lb and Ic having pyrazihe as a heterocyclic 
substituent. 

Group VIII. claims 5 and 17. drawn to comptnuids of formulae I. la. lb and Ic having imidazole as a heterocyclic 
substituent. 



Group IX. claims 5 and 17. drawn to compounJ.s of fonnulae I. la. lb and Ic having pipecolate as a heterocyclic 
substituent. 
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Group X, claims 5 and 17. drawn to compounds of fonnulae I. la, lb and Ic having pyridine as a heteiocyclic 
substituent 

Group XI. claims 5 and 17. drawn to compounds of formulae I. la, lb and Ic having azetidine as a heterocyclic 
substituent 

Croup XII. claims 5 and 17. drawn to compounds of fonnulae I, la, lb and Ic having isoquinoline as a heterocyclic 
substituent 

Group XIII. claims 5 and 17, drawn to exemplified compounds of formulae I. la. lb and Ic which are not otherwise 
embraced by the groups provided supra. 

Claims 1-4, ^16 and 18-20 will be examined as commensurate in scope with the group elected. 



The invnitions listed as Groups NXIII do not relate to a single inventive concept under PCT Rule 13.1 
because, under PCT Rule 13^, no single special technical feature that makes a contribution over the prior art is shared 
by all the groups listed, i.e., each core moiety is difTerent in structure and these core moieties ai« not known as 
equivalents in the art. 

The structural moiety shared by all the inventions listed as Groups I-XHI, i.e., a nitrogen-containing heterocyclic group 
substituted by a further substituted carboxamide group, is known in the prior art and hence does not make a contribution 
over that art (see U.S. Pat 4.098.904 to .Szmuszkovicz). 
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